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Part A

GENERAL APPLICABILITY AND REQUIREMENTS

1. These test procedures shall apply to all 1993 and subsequent model-year transitional
low-emission vehicles (TLEV), low-emission vehicles (LEV), and ultralow-emission
vehicles (ULEV) certifying to non-methane organic gas (NMOG) emission standards.

2. This document sets forth the analysis and cal culation procedures that shall be performed to
determine NMOG mass emissions. The document consists of the following parts:

A.
B.

C.

F.

G.

General Applicability and Requirements

Determination of Non-Methane Hydrocarbon Mass Emissions by Flame lonization
Detection

Determination of Alcoholsin Automotive Source Samples by Gas
Chromatography (Method No. 1001)

Determination of C, to C; Hydrocarbons in Automotive Source Samples by Gas
Chromatography (Method No. 1002)

Determination of C, to C,, Hydrocarbons in Automotive Source Samples by Gas
Chromatography (Method No. 1003)

Determination of Aldehyde and Ketone Compounds in Automotive Source
Samples by High Performance Liquid Chromatography (Method No. 1004).
Determination of NMOG Mass Emissions

Appendix 1  List of Light-End and Mid-Range Hydrocarbons

Appendix 2  Definitions and Commonly Used Abbreviations

Appendix 3 References

Alternative procedures may be used if shown to yield equivalent results and if approved in
advance by the Executive Officer of the Air Resources Board.

3. The analyses specified in the table below shall be performed to determine mass emission
rates of NMOG in grams per mile (g/mi) or milligrams per mile (mg/mi) for vehicles
operated on the listed fuel:
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Fue NMHC by FID | NMHC by GC Alcohols Carbonyls
Alcohol X X X
CNG X X
Diesd X X
Gasoline X X
LPG X X

parts of this document:

NMHC by FID

NMHC by GC

CARBONYLS

ALCOHOLS

-- Part B.

-- Part D.

Part E.

-- Part F.

-- Part C.

Determination of Non-Methane Hydrocarbon Mass
Emissions by Flame lonization Detection
Determination of C, to C; Hydrocarbonsin
Automotive Source Samples by Gas
Chromatography (Method No. 1002); and
Determination of C, to C,, Hydrocarbonsin
Automotive Source Samples by Gas
Chromatography (Method No. 1003)
Determination of Aldehyde and Ketone Compounds
in Automotive Source Samples by High
Performance Liquid Chromatography (Method No.
1004)
Determination of Alcoholsin Automotive Source
Samples by Gas Chromatography (Method No.
1001)

4 For those manufacturers which choose to devel op reactivity adjustment factors unique to a
specific engine family, exhaust NMOG emissions shall be fully speciated. NMHC
emissions shall be analyzed in accordance with parts D and E (Method Nos. 1002 and
1003). In addition, aldehydes and ketones, alcohols, and ethers shall be analyzed
according to parts F, C, and E (Method Nos. 1004, 1001, and 1003). Analysisfor
alcohols shall be required only for vehicles which are operated on fuels containing

alcohols.

5. For natural gas-fueled vehicles, the methane concentration in the exhaust sample shall be
measured with a methane analyzer. A GC combined with aFID isused for direct
measurement of methane concentrations. SAE Recommended Practice J1151 isa
reference on generally accepted GC principles and analytical techniques for this
application. A density of 18.89 g/ft® shall be used to determine the methane mass
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emissions. The methane mass emissions shall be multiplied by the appropriate methane
reactivity adjustment factor and then added to the reactivity-adjusted NMOG emissions as
specified in "California Exhaust Emission Standards and Test Procedures for 1988 and
Subsequent Model Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles."

6. The mass of NMOG emissions shall be calculated in accordance with part G,
"Determination of NMOG Mass Emissions'. The mass of NMOG emissionsin g/mile or
mg/mile shall be calculated by summing the mass of NMHC determined by the FID, the
mass of aldehydes and ketones, and the mass of alcohols.
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3.1

4.1

PART B

DETERMINATION OF
NON-METHANE HYDROCARBON MASS EMISSIONS
BY FLAME IONIZATION DETECTION

INTRODUCTION

This procedure describes a method for determining nen-methane-hydrocarbon {NMHC)
exhaust mass emissions from motor vehicles. Other applicable forms of instrumentation
and analytical techniques which prove to yield equivalent results to those specified in this
procedure may be used subject to the approval of the Executive Officer of the Air
Resources Board.

All definitions and abbreviations are contained in Appendix 2 of these test procedures.

TOTAL HYDROCARBON MEASUREMENT

A ftametoenizatton-detector{FI D} is used to measure total hydrocarbon concentration in
vehicle exhaust in accordance with the Code of Federal Regulations.[Ref 1] SAE
Recommended Practices J254[Ref. 2] and J1094a[Ref. 3] are references on generally
accepted gas analysis and constant volume sampling techniques. For Beckman 400 FIDs
onIy |mpl ementatl on of the recommendatlons outllned In SAE paper 770141;

Autemebﬁe—Behaust—authe%&em—B—Reﬁehke[Ref 4] shaII be requwed Other FID
analyzer models shall be checked and adjusted, if necessary, to minimize any

non-uniformity of relative response to different hydrocarbons.
METHANE MEASUREMENT

A gaschrematograph(GC) combined with a FID constitute a methane analyzer and shall
be used for direct measurement of methane concentrations. The SAE Recommended
Practice J1151[Ref. 5] is areference on generally accepted GC principles and analytical
techniques for this specific application.

TOTAL HC FID RESPONSE TO METHANE

The FID is calibrated to propane and therefore tends to over respond to the methane
portion of the vehicle exhaust sample during hydrocarbon analysis. In order to calculate
the NMHC concentration, a methane response factor must be applied to the methane
concentration (as measured by the methane analyzer) before it can be deducted from the
total hydrocarbon concentration. To determine the total hydrocarbon FID response to
methane, known methane in air concentrations traceabl e to NationaHnstittte-of Standards
and-TFechnotegy(NI ST} shall be analyzed by the FID. Severa methane concentrations
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5.1

5.2

shall be analyzed by the FID in the range of the exhaust sample concentration. The total
hydrocarbon FID response to methane is calculated as follows:

where:

Fen, = FI Dppm/ SA M ppm

Tchy, = FID methane response factor.

Fl Dppm = FID reading in ppmC.

SAM,, = the known methane concentration in ppmC.

The FID response to methane shall be checked at each calibration interval.

NMHC MASSEMISSION PER TEST PHASE

The following calculations shall be used to determine the NMHC mass emissions for each
phase of the Federa Test Procedure. [Ref. 1].

Non-Alcohol Fueled Vehicles

521

5.2.2

5.2.3

524

NMHC, = FID THC, - (e, * CH,,)
NOTE: If NMHC, |scalculatedtobelessthanzero then NMHC, =0.

NMHC, = FID THC, - (rg, * CHyg)
NOTE: If NMHC, is calcul ated to be less than zero, then NMHC, =0.

CO, = (1-(0.01+0.005* HCR) * CO,, -0.000323* R,) * COy,,

NOTE: If aCO instrument which meets the criteria specified in CFR 40, 86.111 is
used and the conditioning column has been deleted, CO,,, must be substituted
directly for CO..

a) For gasoline, CH, 4. , where HCR = 1.85:
CO, =(1-0.01925* CO,, - 0.000323* R,) * CO,,
b) For Phase 2 gasoline, CH, 4, . where HCR = 1.94:
CO, =(1-0.01970* CO,, - 0.000323* R,) * CO,,
bc)  For LPG, CHyge 564, Where HCR = 2:66 2.64:
CO, =(1-66233060.02320* CO,, -0.000323* R, * CO,,
d) For CNG, CH, 5, where HCR = 3.78:
CO, =(1-0.02890 * CO,, -0.000323* R)* CO,,

100 * X
X+yl2+376* (X +yl4-2/2)

CO,, + (NMHC, +CH,, +COQO,)* 10*

(where fuel composition is C,H,0, as measured for the fuel used.)
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a) For gasoline, CH, 5. , wherex =1,y =1.85, and z = 0:
DF = 13.47/[CO,, + (NMHC,+ CH,,+ CO,) * 10*]

b) For Phase 2 gasoline, CH, 4, . x =1,y =194 and z = 0.017:
DF =13.29/[CO,, + (NMHC_+ CH, + CO,.) * 10*]

C) For LPG, CHsg6 564 » Wherex = 1,y = 2:66 2.64, and z = O:
DF = 4364 11.68/[CO,, + (NMHC, + CH,, + CO,) * 10*]

d) For CNG, CH, s, wherex =1,y = 3.78, and z = 0.016:
DF =9.83/[CO,, + (NMHC_ +CH,, +CQO)* 10*]

5.3  Vehicles Operating on Fuels Containing M ethanol

531 NM HCe = FID THCe - (rCH4* CH4E) - (I’CHsoH * CH3OHe
NOTE: If NMHC, iscalculated to be less than zero, then NMHC, = 0.

532 NM HCd =FID THCd - (I’CH4* CHad ) - (I’CHsoH * CH3OHd)
NOTE: If NMHC, iscalculated to be less than zero, then NMHC, = 0.

533 CO, =(1-(0.01+0.005* HCR) * CO,, -0.000323* R,) * CO,,
NOTE: If aCO instrument which meets the criteria specified in CFR 40 86.111 is
used and the conditioning column has been deleted, CO,,,, must be substituted
directly for CO, .

a) For M100 (100% methanol), CH,OH, where HCR = 4:
CO, =(1-0.03000* CO,, -0.000323* R,) * CO,,

b) For M85 (85% methanol, 15% indolene), CH, ,, O, , Wwhere
HCR = 3.41:

CO, = (1- 0.02705* CO,, - 0.000323 * R,) * CO,,

100 * X
X+yl2+376* (X +yl4-2/2)

534 DF =
CO,, + (NMHC,+ CH,, + CO, + CH, OH, + HCHO,) * 10*
(where fuel composition is C,H,O, as measured for the fuel used.)

a) For M100 (100% methanol), CH,OH, wherex =1,y =4, and z= 1:
DF = 11.57/[CO,,+ (NMHC+ CH,, + CO,+ CH,OH,+ HCHO,) * 10*]

b) For M85 (85% methanol, 15% Indolene), CH; ,, O,,, , wherex =1,
y=341,andz=0.72
DF =12.02/[CO,, + (NMHC, + CH,, + CO,+ CH,OH,+ HCHO,) * 10*]
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54  Vehicles Operating on Fuels Containing Ethanol
541 NMHC, = FID THC, - (ry, * CHye ) - (fepaon  * C:HsOH,)
NOTE: If NMHC, iscalculated to be less than zero, then NMHC, = 0.
5.42 NMHCy = FID THC, - (g, * CHayg ) - (Feon * C:HsOHY)
NOTE: If NMHC, is calculated to be less than zero, then NMHC, =0.
543 CO, =(1-(0.01+0.005* HCR) * CO,, -0.000323* R,) * CO,,
NOTE: If aCO instrument which meets the criteria specified in CFR 40, 86.111 is used
and the conditioning column has been deleted, CO,,, must be substituted directly for CO, .
a) For E100 (100% ethanal), C,H.OH, where HCR = 3:
CO, =(1-0.02500* CO,, -0.000323* R,) * CO,,
100 * X
X+yl2+376* (X +yl4-2/2)
544 DF =
CO,, + (NMHC, + CH,, + CO, +C, H; OH, + HCHO,) * 10*
(where fuel composition is C,H,O, as measured for the fuel used.)
a) For E100 (100% ethanol), C,H.OH, wherex =1,y =3, and z = 0.5:
DF =12.29/[CO,, + (NMHC,+ CH,, + CO,+ C, H; OH,+ HCHO,) * 10*]
55  All Vehicles
55.1 NMHC,, = NMHC, - NMHC, * [1- (1/ DF)]
NOTE: If NMHC,,,. iscaculated to beless than zero, then NMHC_,. = 0.
552 NMHCpre = NMHCyp * NMHCyee * VMIX * 10°
6. TOTAL WEIGHTED NMHC MASS EMISSIONS
6.1  All Vehicles
NMHC, ; + NMHC, > NMHC, 3+ NMHC_ .
6.1.1 NMHC,, =043* + 057~
D +D D +D

phase 1 phase 2 phase 3 phase 2
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7. SAMPLE CALCULATIONS
7.1  Given thefollowing datafor a gasoline vehicle, calculate the weighted NMHC mass emission.
Test FID FID CH, CH,4 CO,, CO,, VMIX D phesen R,
Phase | THC, [ THC; | (ppmC) | (ppmC) | (ppm) | (%) (ft) (mile) | (%)
(ppmC) | (PPMC)
1 41.8 8.6 7.53 5.27 147.2 1.19 2846 3.583 38
2 13.0 8.4 5.68 5.10 20.8 0.80 4856 3.848 38
3 154 8.9 6.16 5.20 36.7 1.04 2839 3.586 38
For Phase 1:
NMHC, =FID THC, - (rCH4 * CHue)
=41.8 ppmC - (1.04 * 7.53 ppmC)
= 33.97 ppmC
NMHC, =FID THC, - (rCH4 * CHaa )
=8.6 ppmC - (1.04 * 5.27 ppmC)
=3.12 ppmC
CO, =(1-0.01925* CO,, -0.000323* R,)* CO,,
NOTE: If aCO instrument which meets the criteria specified in CFR 40, 86.111 is
used and the conditioning column has been deleted, CO,,, must be substituted
directly for CO, .
=(1-0.01925 * 1.19% - 0.000323 * 38%) * 147.18 ppm
=142.0 ppm
DF = 1347/[CO,, +(NMHC, +CH,, +COQO,)* 10*
= 13.47
1.19% + (33.97 ppmC + 7.53 ppmC + 142.0 ppmC) * 10*
= 11.15
NMHC,_,. = NMHC, - NMHC, * [1- (1/DF)]
=33.97 ppmC - 3.12 ppmC * [1-(1/11.15)]
=31.13 ppmC
NMHC .., =NMHC_,. * NMHC,,. * VMIX * 10°

=31.13 ppmC * 16.33 g/ft® * 2846 ft* * 10°
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NMHC, ., =145¢g
Similarly, for Phase 2: NMHC, . =0.33¢g
and for Phase 3: NMHC, s =027g
Therefore,
NMHC, ., + NMHC, ., NMHC, 3 + NMHC, .,
NMHC,,, = 043* + 0.57*
Dphasel + Dphasez Dphase3 + Dphasez
=043* _14509+0.33¢ + 0.57* 0.27g+0.33¢
3.583 mile + 3.848 mile 3.586 mile + 3.848 mile
NMHC,,, = 0.15g/mile

7.2  Giventhefollowing datafor a vehicle operating on 85% methanol and 15% gasoline (M 85),
calculate the weighted NMHC mass emission.

Test FID FID CH,. CH,, CHOH, | CO,, CO,. VMIX | Dpysen | Ra HCHO,

Phase | THC. | THCs | (ppme) | (opmo) [ (PPM) [ (ppm) | (%) (ft) (mile) | (%) (Ppm)
(ppmC) | (ppmC)

1 88.5 55 17.76 2.82 72.9 303.2 1.28 2832 3.570 32 0.96

2 145 7.0 8.01 2.82 51 9.7 0.83 4827 3.850 32 0.10

3 21.8 7.7 10.13 2.93 7.4 18.2 1.13 2825 3.586 32 0.12

[For this example, CH,OH,, was assumed to be 0.0 ppmC for all three background bag samples.]

For Phase 1:

NMHC,

NMHC,

FID THC,

(rCH * CHae ) - (rcHson * CHsOHe)
88.5 ppmC - (1. 04*17.76 ppmC) - (0.66* 72.9 ppmC)

21.92 ppmC

FID THC, - (rCH4 * CHad ) - (renson * CHsOHa )
5.5 ppmC - (1.04*2.82 ppmC) - (0.66* 0.0 ppmC)
2.57 ppmC
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COo, = (1-0.02705* CO,, -0.000323* R,) * COq,
NOTE: If aCO instrument which meets the criteria specified in CFR 40, 86.111 is used and the
conditioning column has been deleted, CO,,, must be substituted directly for CO, .

(1-0.02705 * 1.28% - 0.000323 * 32%) * 303.2 ppm
289.6 ppm

DF

12.02 / [CO,, + (NMHC, + CH,, + CO, + CH,OH, + HCHO,) * 107]

= 12.02
1.28% + (21.92ppmC + 17.76ppmC + 289.6 ppmC + 72.9ppmC + 0.96ppm) * 10*
= 9.10

NMHC,,. NMHC, - NMHC, * [1- (1/ DF)]
21.92 ppmC - 2.57 ppmC * [1 - (1/9.10)]

19.63 ppmC

NMHC, «n

NMHC,,,. * NMHC,,. * VMIX * 10°

NMHC, 1

091¢g

Smilarly, Phase2: NMHC,_ ., =009
and for Phase 3: NMHC, s =0.109g

Therefore,
NMHC, ; + NMHC, > NMHC, 3 + NMHC, >

NMHC,,, = 0.43 * + 057 *
D +D

D +D

phase 1 phase 2 phase 3 phase 2

043* __0919g+0.00¢g + 057* 0.10g+0.0¢g
3.570 mile + 3.850 mile 3.586 mile + 3.850 mile

NMHC,,, = 0.06 g/mile
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1.2

21

22

3.1

3.2

Part C

DETERMINATION OF ALCOHOLS
INAUTOMOTIVE SOURCE SAMPLES
BY GASCHROMATOGRAPHY

METHOD NO. 1001

INTRODUCTION

This document describes a method of sampling and analyzing automotive exhaust for alcoholsin
the range of 8 to 1200 mierograms (g} per 15 mititters{mL) of solution. The "target” alcohols
which shall be analyzed and reported by this method are methanol and ethanol. These alcohals,
when present in concentrations above the LOD, shall be reported.

This procedure is based on a method developed by the U. S. Environmental Protection Agency,
(U.S. EPA) [Ref 91 6] which involves flowing diluted engine exhaust through deionized or
purified water contained in glass impingers and analyzing this solution by gas chromatography

(e€).

All definitions and abbreviations are contained in Appendix 2 of these test procedures.

METHOD SUMMARY

The samples are received by the laboratory in impingers. Compound separation and analysis are
performed using a GC. The sampleisinjected into the GC by means of aliquid autosampler.
Separation of the sample mixture into its components eenstittents is performed by tshg a

temperature-programmed capillary column eperatec-with-a-termperatdre gradient. A flame
tentzatton-detector{FI Dy is used for alcohol detection and quantification.

The computerized GC data system identifies the alcohol associated with each ef-the peaks. The
alcohol concentrations are determined by integrating the peak areas and using response factors
determined with from external standards.

INTERFERENCESAND LIMITATIONS

An trterference interferent is any component present in the sample with a retention time similar to
that of any the target alcohols described in this method. To reduce interference error, proof of
chemical identity may require pa#emaaﬁeeﬂf perlodlc confl rmations using an alternate method
and/or instrumentation, e.g., GC/IMS,.

The concentration of the alcohols in the range of interest is stable for up to six days aslong as the
samples are sealed and refrigerated at atemperature below 40°F.
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4.1

5.1

5.2

5.3

54

5.5

INSTRUMENTATION AND APPARATUS

For each mode of the CV S test, two sampling impingers, each containing a known amount of

deionized or purified water (e.g. 15 mL for this procedure), are used to contain the sample.

4.1.1 A temperature-programmable GC, equipped with a DB-Wax Megabore column (30 meter
£my, 0.53 mittimeter(mmy 1D, 1.0 mierer{p) film thickness) and FID isused. Other
columns may be used, provided the alternate(s) can be demonstrated to be equivalent or
better with respect to precision, accuracy and resolution of all the target alcohals.

4.1.2 A liquid autosampler is required.

4.1.3 A PC-controlled data acquisition system for gantitation quantifying of peak areasis
required.

REAGENTSAND MATERIALS

Methanol shall have a purity of 99.9 percent, or be high performance liquid chromatography
grade, EM Science or equivalent.

Ethanol shall be absolute, ACS reagent grade.

Amnertcan-Standardsfor Festing-Materials ASTM Type | purified or Type Il deionized water shall
be used.

A stock solution is prepared gravimetrically or volumetrically by diluting methanol and ethanol
with deionized or purified water, e.g., for this method the stock solution contains +s approximately
1 10 mg/mL pereent-by-voturme of each target alcohol.

5.4.1 A calibration standard within at the expected concentration range of the sasmplesis
prepared by successive dilutions of the stock solution with deionized or purified water,
e.g., 50 partspermttion-{(ppm) ua/mL votume-to-votume{vfv) istypical.

5.4.2 A control standard containing al target alcoholsis prepared by successive dilutions of a
stock solution different from that of Section 5.4.1. This standard, at an approximate
concentration of the samples, is used to monitor the precision of the analysis of tpeate
eontrol-chartsfor each target alcohol.

5.4.3 All standards should be refrigerated at tessthan a temperature below 40° F during storage.

Gas requirements.

55.1 Airshadl be"Zero" grade. "Ultra-zero" grade may be required to achieve the LOD
required by Section 8.8.

5.5.2 Nitrogen shal have a minimum purity of 99.998 percent.

5.5.3 Heium shal have a minimum purity of 99.995 percent.

5.5.4 Hydrogen shal have a minimum purity of 99.995 percent.
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6.1

6.2

6.3

6.4

7.1

PROCEDURE

Each of the graduated fritted sampling impingersisfilled with 15 mL of deionized or purified
water.

The impingers are placed in an ice bath during the sample collection.

After sampling, i e 5 the solution
contained in each impinger is transferred to a via and sealed.
6.3.1 Samplessheutd shall be refrigerated {at a temperature below 40°F ertewer) if immediate

analysisis not feasible, or if reanalysis at alater date may be required.

One microliter aliquots of unmodified samples are injected via autosampler into a GC._Suggested
standard operating conditions for the GC are:, eorfigured-asfoltows:
Column: DB-wWax, 30 m, 0.53 mm ID, 1.0u film thickness

Carrier gas flow: Helium at 5 mititttersper-minute-tmL/miny
Make-up gasflow:  Nitrogen at 25 mL/min

Detector: FID, Hydrogen at 30 mL/min and Air at 300 mL/min

Injector: Packed column injector with Megabore adapter insert; on-column injection

Column tFemperature: 50°C (1 min), 50°C to 70°C (5°C/min), 70°C to 110°C
(15°C/min), 110°C (4 min)

Data system: PC-based data acquisition system

6.4.1 One calibration standard, one control standard, and one deionized or purified water blank
are analyzed daily at the beginning of each set of samples.

6.4.2 A replicate analysisis performed at least once per 24 hour period.

6.4.3 The control standard is analyzed performed at |east once per 24 hour period.

6.4.4 +or Samples containing compounds having concentrations above the documented range of
instrument linearity;-the-sampte must be diluted and reanalyzed.

6.4.5 The peak integrations are corrected as necessary in the data system. Any misplaced
baseline segments are corrected in the reconstructed chromatogram.

6.4.6 The peak identifications provided by the computer are checked and corrected if necessary.

6.4.7 Thetarget alcohol peaks at or above the maﬂmum—a%wabremﬂ—ef—deteeﬂeﬁﬂom are
reported ( tlon 8. 8) y

CALCULATIONS

The concentration of each target alcohal, in pug/mL, is determined by the following calculation
that compares the sample peak area with that of an external standard:

Concentration (Ug/ML)gnye = PeaK Areag,,. X Response Factor

where the response factor (RF) is calculated during the calibration by:
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7.2

8.1

8.2

8.3

8.4

8.5

8.6

Concentrati ONg gz (ugimi)
RF =

Peak Areas(andard

This concentration is then used to calculate the total amount of alcohol in each impinger:
Mass (ug) = Concentration (ug/mL) x Impinger volume (mL)

An internal standard method may also be used.

QUALITY CONTROL
Cdlibration and control standards are prepared at least every six months and analyzed dalily.
Blank Run. A deionized or purified water blank run is performed before running the caibration

standard. All target alcohol concentrations from the blank analysis must be below the LOD
before the analysis may proceed.

Cdlibration Run. One run of the calibration standard is performed daily to generate the response
cahbration factor needed for gtantttatig quantifying sample analyses.

Control Standard Run. One run of the quality control standard is performed after the calibration
run. Measurements of al target alcohols in the control standard must fall within the control limits
before sample analysis may proceed. To meet this requirement, it may be necessary to inspect and
repair the GC, and rerun the calibration and/or control standards.

Contraol Charts. A gQuality control chart{s} is are maintained for each anayte in of the control
standard sampte. The control charts, used on adaily basis, establishes that the method is"in
“stattstteal- control”. The following describes how to construct a typical control chart:

1. Obtain at least 20 daily control standard sampte results,

2. Cdlculate the average control standard sampte mean concentration and standard
deviationts) for the target anaytefsy; and

3. Create a control chart for the target analyte(s) by placing the concentration on the Y -axis
and the date on the X-axis. Establish Braw an upper warning limit and a lower warning
limit at two standard deviations (2s) above and below the average concentration.
Establish Braw an upper control limit and alower control limit at three standard
deviations (3s) above and below the average concentration.

Fhecontrot-samptemustbei-controtfor The measured concentrations of all target analytes

contained in the control standard must be within the contral limits ("in-control™) for the sample
results to be considered acceptable. A control standard sampte measurement is considered to be
"out-of -control" when the analyzed value exceeds the 3s limit, or two successive control standard
sampte measurements of the same analyte exceed the 2s limit.

Duplicates. A duplicate analysis of one sampleis performed at least once aday. Therelative
percent difference (RPD) is calculated for each duplicate run:
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8.7

8.8

RPD(%) = Difference between duplicate and original measurements x 100
Average of duplicate and original measurements

For each compound, the allowable RPD depends on the average concentration level for the
duplicate runs, as shown in the following table:

Average Measurement for Duplicate Runs Allowable RPD (%)
1to 10 times LOD 100
10to 20 "o 30
20to 50 "o 20
Greater than 50 "o 15

If the results of the duplicate analyses do not meet these criteriafor all target acohols, the sample
must be reanalyzed. If the criteria are still not met, al sample results for the day from this
instrument must be deleted and the samples reanalyzed.

Linearity. A multipoint calibration to confirm eheek+er instrument linearity is performed for all
target alcohols for new instruments, after making instrument modifications which can affect
linearity, and at least once every year six+nenths. The multipoint calibration consists of at least
five concentration or mass loading levels, each above the LOD, eventy distributed over the range
of expected sample concentration HﬁeaﬁfreFHﬁemﬁrume% Each concentration level is
measured at least twice. A linear regression analysisis performed using concentration and area
counts to determine the regression correlation coefficient (r). Ther must be greater than 0.995 to
be considered sufficiently linear for one point calibrations.

Limit of Detection. The LOD timit-of-detectton for the target alcohols must be determined for
new instruments, after making instrument modifications which can affect the LOD and at |east
once every year. every-stxonths. To make the calculations, it is necessary to perform a
multipoint calibration consisting of at least four "low" concentration levels, each above the
expected LOD. A linear regression is performed on the data. The LOD must be calculated using

the following equation [Ref. 7] {Ref-9:2):
LOD = |b| + (tx5s)

of the y-intercept, m |sthe sope of the Ilnear regression, s isthe standard devl ation of at least

five replicate determinations of the lowest concentration standard, and t is the t-factor for 99
ercent confidence for a one-sided normal (Gaussian) distribution. The number of degrees of
freedom is equal to the number of replicates, minus one. An abbreviated t-tableis:

Degrees of Freedom t-value
4 3.7
5 3.4
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Atteastthreerepticatesarerequired. The lowest standard must be of a concentratlon of at oneto
fivetimes the estl mated LOD deteetreﬁ-l+m|’f i

8.8.1 The maximum alowable LOD for each alcohol is 0.50 pg/mL. The calculated laboratory
LOD must be equal to or lower than the maximum allowable LOD. All peaks identified as
target compounds that are equal to or exceed the maximum allowable LOD must be
reported. If the calculated |aboratory LOD is less than the maximum allowable LOD, the
laboratory may choose to set its reporting limit at either the maximum allowable LOD or
the calculated laboratory L OD.

8.8.2. For the purpose of calculating the total mass of all species, the concentrations of the
compounds below the LOD are considered to be zero.
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Part D

DETERMINATION OF C, TO C; HYDROCARBONS
INAUTOMOTIVE SOURCE SAMPLESBY GASCHROMATOGRAPHY

METHOD NO. 1002

INTRODUCTION

This document describes a method of analyzing, by gas chromatography, C, to C, hydrocarbons
(light-end hydrocarbons) in the range of parts-perbithter-carber{ppbC) from automotive source
samples. This method does not include sample collection procedures [Ref. 8] {Ref-9:1). The
"target” hydrocarbons which shall be analyzed and reported by this method and Mmethod 1003
are listed in Attachment Appendix 1. All compounds on thislist, when present in concentrations
above the LOD, shall be measured and reported ("targeted") by either Method 1002 or M ethod
1003. Each laboratory should divide the list into light-end (M ethod 1002) and mid-range
(Method 1003) hydrocarbons in the manner which best suits the laboratory instrumentation. All
compounds on the Ilst not targeted by Msrethod 1002 must be targeted by Mtrethod 1003. Mere

All definitions and abbreviations are contained in Appendix 2 of these test procedures.

METHOD SUMMARY
Thisis arapted method intended for routine analysis.

The samples are received by the laboratory in Tedlar bags, which are sub-sampled into agas
chrematograph(GCy for separation and anabyses analysis.

The gas chromatographic analysis is performed on a packed column operated isothermally at

35°C, or an Alumina (Al,0,) Peretstayer-OpenrTubttar-(PLOT) column temperature
programmed from O°C to 200°C. An ftame-tontzation-detector(FID} is used for detection and

quantification.

The sampleisinjected into the GC by means of gas sampling valves. Separation of the sample
hydrocarbon mixture into its components esnstituents takes place in the chromatographic column.
The chromatographic column and the corresponding operating parameters described in this
method normally provide complete resolution of most target compounds.

The computerized GC data acquisition system identifies the hydrocarbons associated with each of
the peaks. The hydrocarbon concentrations are determined by integrating the peak areas and
using response eattbration factors determined from with NIST-traceabl e standards.
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3.1

3.2

4.1

4.2

4.3

4.4

5.1

5.2

INTERFERENCESAND LIMITATIONS

An trterference interferent is any component present in the sample with a retention time very
similar to that of any the target hydrocarbons described in this method. To reduce interference
error, proof of chemical identity may requweperfemﬂaﬁeeef perlodlc conflrmatl onsusing an
alternate method and/or instrumentation, e.g., i GC/IM S,

photetonization-detector(PI D}, different column, etc.

To maximize sample integrity, sample bags should not leak or be exposed to bright light or
excessive heat. Sampling bags must be shielded from direct sunlight to avoid reactions occurring
due to reactive hydrocarbons. The compound 1,3-butadiene, most of which isin CV S bag no. 1,
isunstable. Therefore all CVS bag no. 1 samples must be analyzed within 8 4 hours; CV S bag no.
2, CV S bag no. 3, and background samples must be analyzed within 24 hours, although analysis
within 8 hours is recommended.

INSTRUMENTS AND APPARATUS

Tedlar bags, 2 mil in thickness, nominally 5 to 10 litersin capacity and equipped with
guick-connect fittings, are used to contain the samples.

For manual sub-sampling into a GC, a ground glass syringe is used to transfer gaseous samples
from Tedlar bags to the GC sampleinlet. For automated systems, a sample loop is used to
transfer gaseous samples from the Tedlar bag to the sample inlet of the GC. Sample aliquot size
is chosen based on considerations of instrument sensitivity and/or linearity.

A temperature-programmable GC equipped with a gas sampling valve system, aFID, and
accessoriesis required.

A dtainless steel column [6 feetLfty x 1/8 thehiny] packed with phenylisocyanate Durapak 80/100
meshisused. AnAt Alumina PLOT column ( 50 -60 m x 0.32 mm) may aso be used. kasbeen
shewn-to-be-eguivatent A wax precolumn is recommended to prevent water damage to the PLOT
column. Other columns may be used, provided the alternate(s) can be demonstrated to be
equivalent or better with respect to precision, accuracy and resolution of al the target

hydrocarbons.

A sample trap capable of being cryogenically cooled may be used.
An electronic integrator for quantitation of peak areasis required. If the data acquisition system
cannot record the chromatogram, an analog recorder is aso required.

REAGENTSAND MATERIALS

Helium shall have a minimum purity of 99.995 percent. Higher purity helium may be required to
achieve the LOD required by Section 8.7.1.

Hydrogen shall have a minimum purity of 99.995 percent.
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5.3  Airshal be"Zero" grade. "Ultra-zero" grade may be required to achieve the LOD required by
Section 8.7.1.

5.4  Nitrogen shal have a minimum purity of 99.998 percent.

5,5  Calibration Standard - The quantitative calibration standard for all target hydrocarbons shall be
propane at a concentration level between 0.25 and 1 ppm-mole and within the calculated linearity
of the method (see section 8.6). ThIS propane standard must be traceable to a NI ST- certlfled

W|th not more than one |ntermed| ate standard te—a—N+Sjl'—ee|=t|+red—SF%M A comparison between a
SRM and a candidate standard will yield a secondary NIST traceable standard, while a
comparison between a secondary NIST traceable standard and a candidate standard will yield a
tertiary NIST traceable standard. A NIST SRM propane standard, secondary NIST traceable
propane standard, or tertiary NIST traceable propane standard is required for calibration of
Msrethod 1002 or 1003.

5.6  Control Standard - A quality control standard, containing at least ethene, propane, n-butane, and
2-methylpropene with a concentration between 0.2 and 1 partsper-mtttonr-carboer-(ppmC) based
on a propane standard, is used for the following quality control purposes:

1. Daily update of control charts, and
2. Daily determination of marker retention time windows.
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5.7 A high concentration standard (higher than the calibration standard), containing the target
hydrocarbons listed in Section 5.6 is used semi-anntatty for linearity determinations. The high
concentration eatbratton standard must have concentrations verified against a NIST-traceable
propane standard (see Section 5.5 for the definition of NIST-traceable). This verification can be
performed at the laboratory performing the analysis.

5.8  Liquid nitrogen may be required t+stised to cool the cryogenic sample trap and column oven where
applicable.

6. PROCEDURE
6.1  The gaseous sampleis anayzed for the target hydrocarbons C, through C..
6.2  Suggested standard operating conditions for the gas chromatograph are:

6.2.1 Packed Column:

Helium carrier gas flow: 50 mitttiterfminute-tmiL/min) {packed-eotumny

Hydrogen gas flow: 32 mL/min

Air flow: 300 mL/min

Sample valve temperature: ambient

Heating bath temperature: 60°- 80°C

Injector temperature: 35°C {pecked-eoturmty

Column temperature: 35°C (isothermal)(packed-cotumny-
6°€1t6-200°€C (temperature program) (Al PLOT Column)

Detector temperature: 200 to-250°C

6.2.2 PLOT Column:

Helium carrier gas velocity: 30 cm/sec at 200°C

Nitrogen make-up gas flow: sufficient such that the total flow of helium plus nitrogen is
30 mL/min

Hydrogen gas flow: 30 mL/min

Air flow: 300 mL/min

Sample valve temperature: 150° C (PLOT column)

Column temperature: 0°C (hold 7 min), 10° C/min to 200°C (hold 15 min)

Detector temperature: 250°C

6.3 For automated systems, connect the samples to the GC and begin the analytical process.

6.4 Introduce the sample into the carrier gas stream through the injection valve.
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6.5  Each separated component exits from the column into the FID where a response is generated.

6.6  Concentrations of hydrocarbons are calculated by an electronic integrator device, which has been
calibrated using a NI ST-traceable propane calibration standard.

6.7  For compounds having concentrations above the documented range of instrument linearity, a
smaller aliquot must be taken (for manual systems, a smaller syringe or smaller loop; for
automated systems, a smaller loop).

6.8  The peak integrations are corrected as necessary in the data system. Any misplaced baseline
segments are corrected in the reconstructed chromatogram.

6.9  The peak identifications provided by the computer are checked and corrected if necessary.

6.10 All Fhe peaks areasof identified as target compounds (Appendlx 1) at or above themamﬁum
al+ewab+e LOD are reported (Sec t|on 8.7). 3

6.11 Target compounds which coelute are reported as the major component, as determined by the
analysis of several samples by GC/MS or other methods. An exception to thisis m- and p-xvlene,

where GC/M S data and fuel profiles are used to determine the relative contribution of each
component to the peak. This method was used to determine the m- and p-xylene MIR value
given in Appendix 1.

6.12 After each run, the packed column is back-flushed with helium while the oven temperature is
raised and maintained at 60°C for 15 mins, or as required to flush the column.

(2]
—
w

The At Alumina PLOT column is programmed to 200° C to assure all compounds are eluted
before the next run.

6.134 Before the next run, sufficient time {typtealy-15-mins} is allowed after back-flush of the packed
column to re-establish the required temperature of the column.

S | | o ST 60
1. CALCULATIONS

7.1  Thetarget hydrocarbon concentrations, in ppbC, are calculated by the data system using propane
as an external standard.

Concentrationg,,,. (ppbC) = Peak Area,,,,. X Response Factor

where the response factor (RF) is calculated during daily calibration by:
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RF = Concentration of NIST-traceable propane standard, ppbC
Area of propane peak

8. QUALITY CONTROL

8.1  Blank Run. A blank (pure nitrogen or helium) is run once daily before running the calibration
standard, control standard, and samples. All target hydrocarbon concentrations from the blank
analysis must be below the LOD before the analysis may proceed. As an alternative to adaily
blank run, adaily partial blank check in tandem with a weekly blank run may be used. A partia
blank check iswhere the calibration standard, consisting of only propane and make-up gas (al
organic compounds except methane and propane are below 2 percent of the propane standard
concentration), is run daily and is checked for contamination except in the propane region of the
chromatograph. The weekly blank run will provide a check on contamination in the propane
region of the chromatograph.

8.2  Cdibration Run. One run of the calibration standard is performed per day to generate the
response eatibratton factor needed for grantitating quantifying sample analyses.

8.3  Control Standard Run. One run of the quality control standard is performed daily. Measurements
of all compounds in the control standard must fall within the control limits before sample anaysis
may proceed. To meet this requirement, it may be necessary to inspect and repair the GC, and
rerun the calibration and/or control standards.

84  Control Charts. A Qquality control chart{syare is maintained for each component of the control
standard sampte. The control charts, used on adaily bass, establishes that the method is"in-
“stattstteat-control.” The following describes how to construct atypical control chart:

1. Obtain at least 20 daily control standard sampte results,

2. Calculate the average control standard sampte mean concentration and standard
deviationts) for the each target hydrocarbon; and

3. Create a control chart for the eaeh target hydrocarbon by placing the
concentration on the Y -axis and the date on the X-axis. Establish an upper
warning limit and alower warning limit at two standard deviations (2s) above and
below the average concentration. Establish an upper control limit and alower
control limit at three standard deviations (3s) above and below the average
concentration.

Fhecontrot-samptemustbet-controtfor The measured concentrations of all target
hydrocarbons contained tisted in the control standard sampte must be within the control limits

("in-control") for the sample results to be considered acceptable. A control standard samipte
measurement is considered to be "out-of-control” when the analyzed value efthe-sampte
measdrement exceeds the 3s limit, or two successive control standard sampte measurements of the
same analyte exceed the 2s limit.

8.5  Duplicates. A duplicate analysis of one sampleis performed at least once aday. Therelative
percent difference (RPD) is calculated for each duplicate run:
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8.6

8.7

RPD (%) =  Difference between duplicate and original measurements x 100
Average of duplicate and original measurements

For each compound in the control standard, the allowable RPD depends on the average
concentration level for the duplicate runs, as shown in the following table:

Average Measurement for the Duplicate Runs Allowable RPD (%)
1to 10 times LOD 100
10to 20 " " 30
20to 50 " " 20
Greater than 50 " " 15

If the results of the duplicate analyses do not meet these criteriafor all target hydrocarbonsin the
control standard, the sample must be reanalyzed. If the criteria are still not met, all sample results
for the day from this instrument must be deleted and the samples reanalyzed.

Linearity. A multipoint calibration to confirm ekeek—+For instrument linearity is performed for the
target hydrocarbons in the control standard for new instruments, after making instrument
modifications which can affect linearity, and at least once every year sixaenths unless adaily
check of the instrument response indicates that the linearity has not changed. To monitor the
instrument response, a quality control chart is constructed, as specified in section 8.4, except
using calibration standard area counts rather than control standard concentrations. When the
standard area counts are out-of-control, corrective action(s) must be taken before analysis may
proceed. The multipoint calibration consists of at least five concentration or mass loading levels
(using smaller or larger volume sample sizes of existing standards is acceptable), each above the
LOD, eventy distributed over the range of expected sample concentration trearity-of-the
tastrament. Each concentration level is measured at least twice. A linear regression analysisis
performed using concentration and average area counts to determine the regression correlation
coefficient (r). Ther must be greater than 0.995 to be considered sufficiently linear for one-point
calibrations.

Limit of Detection. The Hmit-of-detection LOD for the target hydrocarbons in the control
standard must be determined must be determined at least once every year sxnenths. unlessa
daily check of the instrument response indicates that the L OD has not changed. To monitor the
instrument response, a quality control chart is constructed, as specified in section 8.4, except
using calibration standard area counts rather than control standard concentrations. When the
standard area counts are out-of-control. corrective action(s) must be taken before analysis may
proceed. To make the necessary calculations, it is necessary to perform a multipoint calibration
consisting of at least four "low" concentration levels, each above the LOD. The LOD must be
calculated using the following equation [Ref. 9] {Ref-9:2):

LOD = |b|] + (tx9)

m

EOB=1A+33S)
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8.8

the y-intercept, m |sthe slope of the Ilnear regression, s isthe standard dewatlon of a least five

replicate determinations of the lowest concentration standard, and t is the t-factor for 99 percent
confidence for aone-sided normal (Gaussian) distribution. The number of degrees of freedom is
egual to the number of replicates, minus one. An abbreviated t-tableis:

Degrees of Freedom t-value
4 3.7
5 34
6 31
4 3.0

Atteastthreerepticatesarerequired. The lowest standard must be of a concentratlon of at oneto
fivetimes the estl mated LOD deteetreﬁ—l+mﬁ i

8.7.1. The maximum alowable LOD for each compound is 20 ppbC prepane. The calculated
laboratory | OD must be equal to or lower than the maximum allowable LOD. All peaks
identified as target compounds that are equal to or exceed the maximum allowable L OD must be
reported. If the calculated |aboratory LOD isless than the maximum allowable LOD, the
laboratory may choose to set its reporting limit at either the maximum allowable L OD or the
calculated laboratory | OD.

8.7.2. For the purposes of calculating the total mass {ppb€; of all species, the concentrations of
al compounds below the LOD are considered to be zero.

Method No. 1002/Method No. 1003 Crossover Check For each sample, a compound shall be
measured by both Method No. 1002 and Method No. 1003. The crossover compound shall be a
compound that can reasonably be expected to be found and measured by both methods in the
laboratory performing the analysis. The results obtained by the two methods should be compared
and an acceptance criteria set for the relative percent difference.
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Part E

DETERMINATION OF C,TO C,, HYDROCARBONS
INAUTOMOTIVE SOURCE SAMPLESBY GASCHROMATOGRAPHY

METHOD NO. 1003

INTRODUCTION

This document describes a method of analyzing, by gas chromatography, C, to C,, hydrocarbons
(mid-range hydrocarbons) in the range of parts per billion carbon (ppbC) from automotive source
samples. This method does not include sample collection procedures [Ref. 7] (Ref9:1). The
target hydrocarbons which shall be analyzed and reported by this method and Mmethod 1002 are
listed in attachment Appendix 1. All compounds on this list, when present in concentrations
above the LOD, shall be measured and reported ("targeted") by either Method 1002 or M ethod
1003. Each laboratory should divide the list into light-end (M ethod 1002) and mid-range
(Method 1003) hydrocarbons in the manner which best suits the laboratory instrumentation. All
compounds on the Ilst not targeted by Msrethod 1003 must be targeted by Mtrethod 1002. Mere

All definitions and abbreviations are contained in Appendix 2 of these test procedures.

METHOD SUMMARY
Thisis arapted method intended for routine analysis.

The samples are received by the laboratory in Tedlar bags, which are sub-sampled into agas
chrematograph(GCy for separation and analys's anatyses.

The gas chromatographic analysis is performed through a temperature-programmed capillary

column. epeﬁed—ustag“gfadfeﬁt—tempeﬂwe AftamemﬁtzatfeﬁdeteeteHFlD)lsusedfor
detection. i

The sampleisinjected into the GC by means of gas sampling valves. Separation of the sample
hydrocarbon mixture into its components esnstituents takes place in the chromatographic column.
The chromatographic column and the corresponding operating parameters described in this
method normally provide complete resolution of most target hydrocarbons.

The computerized GC data acquisition system identifies the hydrocarbons associated with each of
the peaks. The hydrocarbon concentrations are determined by integrating the peak areas and
using aresponse eatibratton factor determined from with NI ST-traceable standards.
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3.1

3.2

4.1

4.2

4.3

4.4

5.1

5.2

5.3

54

INTERFERENCESAND LIMITATIONS

An trterference interferent is any component present in the sample with a retention time similar to
that of any the target hydrocarbons described in this method. To reduce interference error, proof
of chemica identity may requweperfemﬂaﬁeeef perlodlc conflrmatlons using an aternate method

and/or instrumentation, e.g., GC/M S}, phetetontzation
detector(PI D3, different column, etc

The concentration of hydrocarbons in the range of interest is stable for at least 24 hoursin the
Tedlar sampling bags, provided the sample bags do not leak and are not exposed to bright light or
excessive heat. Sampling bags must be shielded from direct sunlight to avoid losses from reaction
of the reactive hydrocarbons. Samples must be analyzed within 24 hours.

INSTRUMENTATION AND APPARATUS

Tedlar bags, 2 mil in thickness, nominally 5 to 10 litersin capacity and equipped with
guick-connect fittings, are used to contain the samples.

For manual sub-sampling into a GC, a ground glass syringe is used to transfer gaseous samples
from Tedlar bags to the GC sampleinlet. For automated systems, a sample loop is used to
transfer gaseous samples from the Tedlar bag to the sample inlet of the GC. Sample aliquot size
is chosen based on considerations of instrument sensitivity and/or linearity.

The GC is equipped with a FID, aPH, and a gas sampling valve system.

A non-polar capillary column [e.g., J&W DB-1, 60 m x 0.32 mm ID, film thickness 1.0 mieren p]
isused. Other columns may be used, provided the alternate(s) can be demonstrated to be
equivalent or better with respect to precision, accuracy and resolution of all the target

hydrocarbons.

A sample trap capable of being cryogenically cooled may be used.

A computer-controlled data acquisition system is required for the quantifying etantitatiornof peak
areas.

REAGENTSAND MATERIALS

Helium shall have a minimum purity of 99.995 percent. Higher purity helium may be required to
achieve the LOD required by Section 8.7.1.

Hydrogen shall have a minimum purity of 99.995 percent.

Air shall be"Zero" grade. "Ultra-zero" grade may be required to achieve the LOD required by
Section 8.7.1.

Nitrogen shall have a minimum purity of 99.998 percent.
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5.5

5.6

Cdlibration Standard - The quantitative calibration standard for all target hydrocarbons shall be

propane at a concentration level between 0.25 and 1 ppm-mole and within the calculated linearity
of the method (see section 8.6). ThIS propane standard must be traceable to a NI ST- certlfled

W|th not more than one |ntermed| ate standard—te—a—HIrSPeeﬁﬁred—SRM A comparison between
a SRM and a candidate standard will yield a secondary NIST traceable standard, while a
comparison between a secondary NIST traceable standard and a candidate standard will yield a
tertiary NIST traceable standard. A NIST SRM propane standard, a secondary NIST traceable
propane standard, or atertiary NIST traceable propane standard is required for calibration of
Msrethod 1002 or 1003.

Control Standard - A quality control standard, containing at least n- hexane, n-octane, n-decane,
benzene, toluene, and m- or p-xylene with concentrations between 0.2 and 1 partsper-mittion
earber{ppmC) based on a propane standard, is used for the following quality control purposes:

1. Daily update of control charts, and
2. Daily determination of marker retention time windows.
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5.7

5.8

6.1

6.2

A high concentration standard (higher than the calibration standard), containing the target
hydrocarbons listed in section 5.6 is used semi=anntatty for linearity determinations. The high
concentration eatbratton standard must have concentrations verified against a NIST-traceable
propane standard (See Section 5.5 for the definition of NIST-traceable). This verification can be
performed at the laboratory performing the analysis.

Liquid nitrogen may be required tstised to cool the cryogenic trap and column oven where
applicable.

PROCEDURE
Typical operating conditions.

6.1.1 Suggested operating conditions for the manual GC are:
Helium carrier gas averagetinear velocity: 30 cm/sec eentimetersisecond at 200°C

Nitrogen make-up gas flow: sufficient such that the total flow of helium plus
nitrogen is 30 mL/min

Hydrogen gas flow (for FID): 30 mL/min

"Zero" air gasflow (for FID): 300 mL/min

Autozero FID andPHb at: 0.0 min

Range 11, Attenuation 8 (or another suitable value)

Sample valve temperature: 150°C

Injector temperature: 150°C

Column Entrance Port temperature: 95°C

Detector temperature: 250°C

Column temperature: Initial temperature 0° C; 10°C/minto 200° C

6.1.2 Suggested operating conditions for the automated GC are:
Helium carrier gas averagetiaear velocity: 208 30 cm/secend at 200° C

Nitrogen make-up gas flow: sufficient such that the total flow of helium plus
nitrogen is 30 mL/min

Hydrogen gas flow (for FID): 30 mL/min

"Zero" air gasflow (for FID): 300 mL/min

Attozero-HbB-and-PHB-at6:0-min

Range 11, attenuation 8 (or another suitable value)

Sample valve temperature: 150° C

Detector temperature: 250300° C

Column Temperature: Initial temperature © -50°C (5 min), 5° C/min to

50°C, 10°C/min to 200°C
Data Reduction

6.2.1 All peaksidentified as target compounds (Appendix 1) at or above the meaxirmdm

e-Carcu

al+ewab+e+n=|=lrt—ef—deteetreﬁ—(LOD) are reported ( tion 8. 7) APHﬁeFaberaterys—dfsereﬂeﬁ
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6 2.3 The reﬁults are exami ned to See that the peaks are correctly rdeﬁtmed—aﬁd mtegrated
6.2.4 After running a particularly "dirty" sample, the analyst should run a blank before proceeding
to the next sample as there may be sample carryover, or flush the sampling system with air.
6.2.5 The peak identifications provided by the computer are reviewed and, if necessary, corrected
using the following procedure and criteria:
D The relative retention indices from GC/M S analyses are used to help confirm peak
identifications.
2 The primary peak identification is done by the computer using the relative
retention times based on reference calibration runs.
3 Confirm that the relative peak heights tergestpeaks of the sample run
("fingerprint") match the typical fingerprint seen in past sample runs.
4 Compare the relative retention time of the sample peaks with those of reference
runs.
5) Any peak with areasonable doubt is labeled 'Unidentified'.
6.2.6 The concentrations of the hydrocarbons are calculated by an electronic integrator device.
6.2.7 Target compounds which coelute are reported as the major component, as determined by
the analysis of several samples by GC/MS or other methods. An exception to thisis m- and p-
xylene, where GC/M S data and fuel profiles are used to determine the relative contribution of
each component to the peak. This method was used to determine the m- and p-xylene MIR value
given in Appendix 1.

1. CALCULATIONS

7.1  Thetarget hydrocarbon concentrations, in ppbC, are calculated by the data system using propane
as an external standard.

Concentrationg,,,. (PpbC) = Peak Areag,, X Response Factor
where the response Factor (RF) is calculated during daily calibration by:

RF = Concentration of NIST-traceable propane standard, ppbC
Area of propane peak

8. QUALITY CONTROL

8.1  Blank Run. A blank (pure nitrogen or helium) is run once daily before running the calibration
standard, control standard, and samples. All target hydrocarbon concentrations from the blank
analysis must be below the LOD before the analysis may proceed. As an aternative to adaily
blank run, adaily partial blank check in tandem with a weekly blank run may be used. A partia
blank check is where the calibration standard, consisting of only propane and make-up gas (al
organic compounds except methane and propane are below 2 percent of the propane standard
concentration), is run daily and is checked for contamination except in the propane region of the
chromatograph. The weekly blank run will provide a check on contamination in the propane
region of the chromatograph.
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8.2  Cdibration Run. One run of the calibration standard is performed per day to generate the
response eatibratton factor needed for gantitating quantifying sample analyses.

8.3  Control Standard Run. One run of the quality control standard is performed daily. Measurements
of all compounds in the control standard must fall within the control limits before sample analysis
may proceed. To meet this requirement, it may be necessary to inspect and repair the GC, and
rerun the calibration and/or control standards.

84  Control Charts. A Qquality control chart{s) isare maintained for each component of the control
standard sampte. The control charts, used on adaily bass, establishes that the method is"in-
“stattstteat control”. The following describes how to construct atypical control chart:

1. Obtain at least 20 daily control standard sampte results,

2. Calculate the average control standard sampte mean concentration and standard
deviationts) for the each target hydrocarbon, and

3. Create a control chart for the eaeh target hydrocarbon by placing the concentration
on the Y-axis and the date on the X-axis. Establish Braw an upper warning limit
and alower warning limit at two standard deviations (2s) above and below the
average concentration. Establish Braw an upper control limit and alower control
limit at three standard deviations (3s) above and below the average concentration.

Fhecontrot-samptemustbet-controtfor The measured concentrations of all target
hydrocarbons contained in the control standard sampte must be within the control limits ("in-
control™) for the sample results to be considered acceptable. A control standard sampte
measurement is considered to be "out-of-control” when the analyzed value efthe-sampte
measdrement exceeds the 3s limit, or two successive control standard sampte measurements of the
same analyte exceed the 2s limit.

8.5  Duplicates. A duplicate analysis of one sampleis performed at least once aday. Thereative
percent difference (RPD) is calculated for each duplicate run:

RPD (%) =  Difference between duplicate and origina measurements x 100
Average of duplicate origina measurements

For each compound in the control standard, the allowable RPD depends on the average
concentration level for the duplicate runs, as shown in the following table:

Average Measurement for Duplicate Runs Allowable RPD (%)
1to 10 times LOD 100
10to 20 " " 30
20to 50 " " 20
Greater than 50 " " 15

If the results of the duplicate analyses do not meet these criteriafor all compounds in the control
standard, the sample must be reanalyzed. If the criteria are still not met, all sample results for the
day from this instrument must be deleted and the samples reanayzed.
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8.6 Linearity. A multipoint calibration to confirm eheek+er instrument linearity is performed for all
target hydrocarbons in the control standard for new instruments, after making instrument
modifications which can affect linearity, and at least once every year ssxaenths: unlessadaily
check of the instrument response indicates that the linearity has not changed. To monitor the
instrument response, a quality control chart is constructed, as specified in section 8.4, except
using calibration standard area counts rather than control standard concentrations. When the
standard area counts are out-of-control, corrective action(s) must be taken before analysis may
proceed. The multipoint calibration consists of at least five concentration or mass loading levels
(using smaller or larger volume sample sizes of existing standards is acceptable), each above the
LOD, eventy distributed over the range of expected sample concentration trearity-of-the
tastrament. Each concentration level is measured at least twice. A linear regron analysisis
performed using concentration and average area counts to determine the regression correlation
coefficient (r). Ther must be greater than 0.995 to be considered sufficiently linear for one point
calibrations.

8.7  Limit of Detection. The LOD tit-ofdetection for the target hydrocarbons in the control
standard must be determined for new instruments and after making instrument modifications
which can affect linearity and/or senditivity and at least once every year sxmonths: unlessadaily
check of the instrument response indicates that the L OD has not changed. To monitor the
instrument response, a quality control chart is constructed, as specified in section 8.4, except
using calibration standard area counts rather than control standard concentrations. When the
standard area counts are out-of-control. corrective action(s) must be taken before analysis may
proceed. To make the neeessary calculations, it is necessary to perform a multipoint calibration
consisting of at least four "low" concentration levels, each above the LOD. The LOD must be
calculated using the following equation [Ref. 7[ {Ref-9:1):

LOD = |b|] + (tx9)

the y-intercept, m |sthe slope of the Ilnear regression, s isthe standard dewatlon of a least five

replicate determinations of the lowest concentration standard, and t is the t-factor for 99 percent
confidence for aone-sided normal (Gaussian) distribution. The number of degrees of freedom is
egual to the number of replicates, minus one. An abbreviated t-tableis:

Degrees of Freedom t-value
4 3.7
5 34
6 31
4 3.0
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8.8

Atteastthree+epticatesarerequired. The lowest standard must be of a concentratlon of at oneto
fivetimes the estl mated LOD deteetreﬁ-l+m|’f i

8.7.1 The maximum alowable LOD for each ary compound is 20 ppbC prepane. The
calculated |aboratory L OD must be equal to or lower than the maximum allowable LOD. All
peaks identified as target compounds that are equal to or exceed the maximum LOD must be
reported. If the calculated |aboratory LOD isless than the maximum allowable LOD, the
laboratory may choose to set its reporting limit at either the maximum allowable L OD or the
calculated laboratory | OD.

8.7.2 For the purposes of calculating the total mass {ppb€; of all species, the concentrations of
the compounds below the LOD are considered to be zero.

Method No. 1002/Method No. 1003 Crossover Check. For each sample a compound shall be
measured by both Method No. 1002 and Method No. 1003. The crossover compound shall be a
compound that can reasonably be expected to be found and measured by both methods in the
laboratory performing the analysis. The results of the two analyses should be compared and an
acceptance criteria set for the relative percent difference.
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3.1

Part F

DETERMINATION
OF ALDEHYDE AND KETONE COMPOUNDS
INAUTOMOTIVE SOURCE SAMPLES
BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

METHOD NO. 1004

INTRODUCTION

This document describes a method of analyzing automotive engine exhaust for aldehyde and
ketone compounds (carbonyls) using impingers, containing acidified 2,4-dinitrophenylhydrazine
(DNPH)-absorbing solution, or DNPH-impregnated cartridges. Carbonyl masses ranging
between 0.02 to 200 g are measured by this method. The "target” carbonyls which shall be

analyzed and reported bv this method arelisted in Appendix 1. —are+em=1a+e|el=ryde—aeeta+del=ryde

comnounds when present in concentratlons above the LOD, shall be reported.

This procedure is derived from a method used by Hull [Ref. 10] {Ref-9-3).

All definitions and abbreviations are contained in Appendix 2 of these test procedures.

METHOD SUMMARY

The samples are received by the laboratory in sample collection cartridges or impingers (See
Section 4.2). The absorbing solution (2,4-DNPH) complexes the carbonyl compounds into their
diphenylhydrazone derivatives. The cartridges are then eluted with 5 mL acetonitrile.

Separation and analysis are ts performed using a High-Perfermance Ligaie-Chromatograph HPLC
with an ultraviolet detector.

INTERFERENCESAND LIMITATIONS

An interferent thterferenee is any detectable compound present in the sample with a retention time
very similar to that of any the target carbonyls described in this method. To reduce interference
error, proof of chemical identity may require perfermanee-of periodic confirmations using an
aternate method and/or instrumentation, e.g., alternative HPL C columns or mobile phase
compositions.
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3.2

4.1

4.2

5.1

5.2

If samples are not analyzed the same day as received, they must be transferred-to-grassbotttes;
seated-and refrigerated at atemperature below 40°F. Impinger solutions must first be transferred

to glass bottles and sedled. Refrigerated samples are stable for up to 30 days.

When using the DuPont Zorbax column described in Section 4.1.5, methyl ethyl ketone (M EK)
and butyraldehyde tend to coelute.

When using the Delta Bond column described in Section 4.1.5, formaldehyde tends to coelute
with an unknown, non-carbonyl compound, and the tolualdehyde isomers tend to coelute. The
guard column for the Delta Bond column must also be changed frequently in order to prevent the
coelution of butyraldehyde and methacrolein.

INSTRUMENT AND APPARATUS
The HPLC anaytica system consists of the following:
4.1.1 Dual high pressure pumps.

4.1.2 Automated gradient controller or pump module controller.

4.1.3 Temperature controller module for the column oven.
4.1.4 A liquid autosampler.

4.1.5 The primary system incorporates two DuPont Zorbax ODS columnsin tandem and a
guard column, (2 eentimeters{cmy long packed with LC18 5 miterometers{umy pellicular
beads). The secondary system incorporates a Delta Bond AK (4.6 mm ID x 200 mm)
packed column with a guard column 2 cm long packed with LC18 5 um pellicular beads
or equivalent). Other columns may used, provided the alternate(s) can be demonstrated to
be equivalent or better with respect to precision, accuracy and resolution of al target

carbonyls.

4.1.6 Anultraviolet/visible (UV/VIYS) detector.
4.1.7 Datasystem for peak integration.

Sample collection containers are glass impingers: or DNPH-impregnated cartridges may-alsobe
tised.

REAGENTSAND MATERIALS
Acetonitrile, HPLC grade, (Burdick and Jackson or equivalent).

Water, HPLC grade, (Burdick and Jackson or equivalent).
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5.3 2,4-binitrophenythydrazine{DNPH?, purified, Radian Corporation Eastiran or equivalent._
Unpurified DNPH must be; recrystallized twice from acetonitrile. The recrystalized DNPH is
checked for contaminants by injecting a dilute solution of DNPH in contaminant-free acetonitrile
into the HPLC.

54  Sulfuric acid, or perchloric acid, analytical reagent grade, (Baker Analyzed or equivaent).

55  Synthesized Z4-dinttrophenythydrazones{ref—9:2) The carbonyl/2.4-dinitrophenylhydrazone
(DNPH) complexes [Ref. 11] listed in Table F-1 may be purchased (e.q., Radian Corporation, in

1.2 mL ampules) or prepared in the laboratory. In-house standards must be recrystallized at least
three times from 95 percent ethanol. are:

TABLEF-1
PROPERTIES OF CARBONYL/2,4-DNPH COMPLEXES

Molecular Melting

Complex Weight (g/mole) Point °C
formaldehyde 210.15 165-166
acetaldehyde 224.18 152-153
acrolein 236.19 165"
acetone 238.20 125-127
propionaldehyde 238.20 144-145
butyraldehyde 252.23 119-120
hexana dehyde 280.28 106-107
benzaldehyde 286.25 240-242
methyl-ethyl-ketone 252.53 117-118
methacrolein 250.21 200-201
crotonaldehyde 250.21 185-188
valeraldehyde 266.26 107-108
m- tolualdehyde 300.27 212

1 This compound has been known to decompose.
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5.6  Stock Calibration Standard - A stock calibration standard is prepared by diluting the target
carbonyl/2,4-DNPH complexes s with acetonitrile._;eg-a A typica 166-mt-acetonitriestandard
stock calibration standard setutten contains + approximately 5 to 15 mg/mL of each target
carbonyl/DNPH complex.

5.7  Working Standard - A working standard is prepared when required by diluting the stock
calibration solution, making sure that the highest concentration of the standard is above the
expected test level; e.g., 25 mL of the stock calibration solution is diluted to 4606 20 mL.

5.8  Control Standard - A quality control standard, containing all target
carbonyls/2,4-DNPHélnitrophenythydrazone complexes within the typical concentration range of
real samples, is analyzed to monitor the precision of the analysis of each target carbonyl. tpdate
tlaty-controt-eharts: The control standard may be prepared by batch mixing old samples and
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6.1-

6.2

stirring for 24 hours. All target compounds except acrolein have been found to be stable in the
control standard. Commercial standards are also available for these compounds.

PROCEDURE

For systems collecting the samples viaimpingers, aAn absorbing solution is prepared by dissolving
0.11 - 0.13 gramsof recrystalized DNPH in 1 tter{L) of HPLC grade acetonitrile. The
absorbing solution should be prepared at least every two weeks. Each batch of acetonitrile used
in this procedure is checked for oxygenated impurities by adding it to a additiornof
contaminant-free dilute solution of DNPH and analyzing by ecHr-the HPLC. Cartridgesshoutabe

sedted-aneetrigeratedatess than40°F

6.1.12. Inthelaboratory, pipette 15 mL of the DNPH absorbing solution into each of the 30 mL
mielget impingers for each emission test. Add 0.1 mL of 2.85 N sulfuric acid or 0.15 mL of 3.8M
perchloric acid to each impinger.

For systems collecting the samples via cartridges, DNPH-impregnated cartridges shall be sealed
and refrigerated, at a temperature less than 40°F, upon receipt from manufacturer, until ready for
use.

6.2.1 At the exhaust volumes being sampled (1 L/min), a back-up cartridge may be required for
CV S phase 1 but no back-up cartridge is needed for CV'S phases 2 and 3.

6.4

6.5

I-aberatefy After sampling At—ﬂae—l—aberatery uncap and place al the mpmgersmd—theﬁeld—bl—arrk
tmptager in preheated water at 70-80° C for 30 minutes (min) to complete derivatization. Heating

is not required when using perchloric acid.

6.3.1 For samphngwith cartridges, remove the caps and extract with 5 mL acetonitrile, running
the extract into glass storage bottles.

Remove the impingers from the water bath and cool to room temperature. Replace any lost
solvent by adding acetonitrile to the 15 mL mark.

6.4.1 Replacing lost solvent is not required when using an internal standard method (Section

7.4).

Transfer the solution from each impinger/cartridge to glass vials and seal with new septum screw
caps.
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6.6  Placethe vias containing blank, working standard, control standard, and samples into the
autosampler for subsequent injection into an HPLC. _Suggested standard operating conditions for

the HPLC are: -eonfigured-asfolows:

Primary System:
Columns:

Column temperature:

4.6 mithtmeterstmmy ID x 250 mm x 1/4 inches OD Dupont Zorbax ODS
two columnsin series, Guard column - 2 cm long packed with C18 5 um
pellicular

40°C

Detector:
Sample volume:
Solvent A:
Solvent B:
Flow:

Program -

UV/VIS at 360 ranemeters nm

20 10 mierohters uL

acetonitrile

10 percent (volume/volume) methanol in water
1 mL/min

50 percent A, 50 percent B O (initial time)

65 percent A, 35 percent B 0 to52 min

100 percent A, OpercentB 52t0 3522 min
50 percent A, 50 percent B 3522 t036 37 min

50-pereent-A;50-percent B—36-t646—{hotd)

Under the above configuration, methy! ethyl ketone and butyraldehyde tend to coelute. In order to report

these compounds, it is hecessary to anayze the samples using a secondary system. The tolualdehyde

isomers (m-, p-. and o0-) are separated using this configuration. The reporting of tolualdehydeis

addressed in Section 7.4.

Secondary System:
Columns:

Column temperature:

DeltaBond AK C18 (4.6 mm ID x 200 mm x 1/4 in OD) packed column,
Guard column - 2 cm long packed with C18 5 um péllicular
40° C

Detector:
Sample volume:
Solvent A:
Solvent B:
Flow:

Program -

UV/VIS at 360 nm

10 uL

purified water
acetonitrile

1.5 mL/min

65 percent A, 35 percent B (initial time)

65 percent A, 35 percent B 0-5.5 min

50 percent A, 50 percent B 5.5- 8.0 min
35 percent A, 65 percent B 8.0-11.1 min
65 percent A, 35 percent B 11.0- 13.0 min

This secondary system is not used to report all compounds because formaldehyde tends to coelute with a

non-carbonyl compound. If this coglution is resolved, the secondary system may be used alone to analyze

al carbonyl compounds. The tolualdehyde isomers, however, are not separated with this configuration.

The reporting of tolualdehyde is addressed in Section 7.4.
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6.7

6.8

7.1

7.2

Data System: The outputs from the UV/VIS detector are sent to a PC-controlled data
acquisition system.

The peak integrations are corrected as necessary in the data system. Any misplaced baseline
segments are corrected in the reconstructed chromatogram.

The target carbonyl peaks at or above thema&mum—alﬁwa&e—&mrt—ef—deteetreﬁ LOD are
reported ( Section 8. 10) A \ -

CALCULATIONS

For each target carbonyl, the carbonyl mass is caculated from its

carbonyl/2,4-dinttrophenythydrazone DNPH mass.

The mass of each carbonyl compound, t#¢ per 5k impinger or cartridge, is determined by the
following calculation:

Mass,,,,= Peak Areag,,,;. X Response Factor x Impinger (or Cartridge) volume(mL) x B

8.1

where B is the ratio of the molecular weight of the carbonyl compound to its
2,4-dinitrophenylhydrazone derivative and where the response factor (RF) for each carbonyl is
calculated during the calibration by:

RF = Concentration,,, ... (tfits ug 2,4-DNPH species/mL )
Peak Areas(andard

For tolualdehyde, the sum of all isomers present is reported as m-tolualdehyde.

7.3.1 Under the conditions of the primary system in Section 6.6, the isomers are separated. The
m-tolualdehyde response factor is applied to each peak and the sum reported as m-

tolualdehyde.

7.3.2 Under the conditions of the secondary system in Section 6.6, the isomers coelute. The m-
tolualdehyde response factor is applied to the single tolualdehyde peak. This
concentration is reported as m-tolualdehyde.

An internal standard method may also be used.

QUALITY CONTROL

Reagent Blanks. The solvents used are of the highest HPL C grade and are ehecked-at—teast-daty
fertmprities by-eondueting brank-analyses: tested for impurities when a new lot number is used.

If this lot number is found to be acceptable, (no carbonyls present at concentrations at or above
the LOD), daily blank analysisis not performed.
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8.2

8.3

8.4

8.5

8.6

8.7

8.8

Carbonyl/2,4-DNPH Phenythydrazone Purity. The carbonyl/ 2,4-dinitrophenythydrazones
DNPHSs are checked for purity by their melting points and their chromatograms (See Table F-1).
Analysis of the solution of carbonyl/2,4-DNPH phenythydrazene must yield only the peak of
interest. No contaminant peaks above the LOD should be observed.

Calibration Run. One run of the calibration standard is performed atteast daily to generate the
response eatbratton factors needed for quantifying sample analyses.

Control Standard Run. One run of the quality control standard is performed atteast daily after
the calibration run. Measurements of all compounds in the control standard, except acrolein,
must fall within the control limits before sample analysis may proceed. To meet this requirement,
it may be necessary to rerun the calibration and control standards, and inspect and repair the
HPLC.

Control Charts. A ©quality control chart(s}) isare maintained for each component of the control
sample, except acrolein. The control charts, used on adaily basis, establishes that the method is
"in- “stattstieat control.” The following describes how to construct atypical control chart:

1. Obtain at least 20 daily control standard sampte results,

2. Cdlculate the average control standard sampte mean concentration and standard
deviation(s) for the each target analyte, and

3. Create a control chart for the eaeh target analyte by placing the concentration on
the Y -axis and the date on the X-axis. Establish Braw an upper warning limit and
alower warning limit at two standard deviations (2s) above and below the average
concentration. Establish Braw an upper control limit and a lower control limit at
three standard deviations (3s) above and below the average concentration.

Fhecontrot-samptemustbei-controtfor The measured concentrations of all target analytes

contained in the control standard must be within the control limits ("in-control") for the sample
results to be considered acceptable. Due to the low variability of the carbonyl control standard
measurements, a A control standard sarmpte measurement is considered to be "out-of -control”
when the analyzed value exceeds either the 3s limit, or the range of + 10% of the mean control
measurement, whichever is greater, or if two successive control standard sarmpte measurements of
the same analyte exceed the 2s limit. No control requirements have been established for acrolein,
since it has been shown to degrade over time.

Field Blanks. One field blank is analyzed for each set of impingers for each emission test. One
cartridge for each per batch number used is analyzed as afield blank.

At least ©one cartridge per batch is analyzed as a batch blank.

Duplicates. A duplicate analysis of one sampleis performed at least once aday. Therelative
percent difference (RPD) is calculated for each duplicate run:

RPD(%) = Difference between duplicate and original measurements x 100
Average of duplicate and original measurements
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For each compound, the allowable RPD depends on the average concentration level for the
duplicate runs, as shown in the following table:

Average Measurement for Duplicate Runs Allowable RPD (%)
1to 10 times LOD 100
10to 20 "o 30
20to 50 "o 20
Greater than 50 "o 15

If the results of the duplicate analyses do not meet these criteriafor all target carbonyls, the
sample must be reanalyzed. If the criteria are still not met, all sample results analyzed during the
day from this instrument must be deleted and the samples reanalyzed.

8.9 Linearity. A multipoint calibration to confirm eheek+er instrument linearity is performed for all
target analytes for new instruments, after making instrument modifications which can affect
linearity, and at least once every year. smenths: The multipoint calibration consists of at least
five concentration or mass loading levels (using smaller or larger volume sample sizes of existing
standards is acceptable), each above the LOD, eventy distributed over the range of expected
sample concentration HﬁGﬂW@Hheﬁﬁrumeﬂt Each concentration level is measured at |east
twice. A linear regression analysis is performed using concentration and average area counts to
determine regression correlation coefficient (r). The r must be greater than 0.995 to be
considered linear for one point calibrations.

8.10 Limit of Detection. The timit-of-deteetron LOD for the target anaytes must be determined for
new instruments, after making instrument modifications which can affect the LOD and at |east
once per year. every-smenths. To make the recessary calculations, it is necessary to perform
amultipoint calibration consisting of at least four "low" concentration levels, each above the
LOD. The LOD must be calculated using the following equation [Ref. 7] {Ref—9:3):

LOD = |b|] + (tx9)

the y-intercept, m |sthe slope of the Ilnear regression, s isthe standard dewatlon of a least five

replicate determinations of the lowest concentration standard, and t is the t-factor for 99 percent
confidence for aone-sided normal (Gaussian) distribution. The number of degrees of freedom is
egual to the number of replicates, minus one. An abbreviated t-tableis:

Degrees of Freedom t-value
4 3.7
5 34
6 3.1
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7 3.0

Atteastthree+epticatesarerequired. The lowest standard must be of a concentratlon of at oneto
fivetimes the estl mated LOD deteetreﬁ—l+mﬁ i
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8.10.1 The maximum alowable LOD is0.06 ug carbonyl derivative/mL. The calculated
laboratory | OD must be equal to or lower than the maximum allowable LOD. All peaks
identified as target compounds that are equal to or exceed the maximum allowable L OD must be
reported. If the calculated |aboratory LOD isless than the maximum allowable LOD, the
laboratory may choose to set its reporting limit at either the maximum allowable L OD or the
calculated laboratory | OD.

8.10.2 For the purpose of calculating the total mass of all species, the concentration of the
compounds below the LOD are considered to be zero.
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Part G

DETERMINATION OF NMOG MASS EMISSIONS

INTRODUCTION

Nonr-methane-ergante-gasestNM OG) mass emissions consist of non-methane hydrocarbons and
oxygenated hydrocarbons.

All definitions and abbreviations are set forth in Appendix 2 of these test procedures.

NMOG WEIGHTED MASS EMISSIONS
NMOG weighted mass (wm) emissions shall be calculated as follows:
NMOG,,, = ENMHC,,, + ZROH,,, + ZRHO,,

Non-methane hydrocarbon weighted mass emissions (NMHC,,,) can be determined by either
Hrametonizatton-detection-(FI D} or gaschromatography(GC). If the FID method is used to
caculate NMHC,,,, refer to Part B of these test procedures entitled, "Determination of
Non-Methane Hydrocarbon Mass Emissions by Flame lonization Detection.” If the GC method
is used to calculate NMHC,,, refer to the section 3, " Speciated Hydrocarbon Mass Emissions
Calculation" seetten contained herein. Carbonyl weighted mass emissions (RHO,,,,) are to be
calculated according to the section 5 "Carbonyl Mass Emissions Calculation” seetien contained
herein. For acohol fueled vehicles, acohol weighted mass emissions (ROH,,,, ) areto be
calculated according to the section 4 "Alcohol Mass Emissions Calculation™ seetton contained
herein.
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3. SPECIATED HYDROCARBON MASSEMISSIONS CALCULATION

1. INTRODUCTION

1.1  Vehicular exhaust emissions are measured according to the FederalFestProcedure FTP [Ref. 1]
). For each of the three phases of the FTP, atedlar bag of 0.5 ft* capacity is used to collect a
dilute exhaust sample. A fourth 0.5 ft® tedlar bag is used to collect a composite dilution air
(background) sample from al three phases of the FTP. All bag samples are analyzed according to
Method No. 1002 (Part D of these test procedures) and Method No. 1003 (Part E of these test
procedures) to determine the dilute exhaust and dilution air concentrations of individual
hydrocarbon compounds. The measured hydrocarbon compound concentrations are used in the
following equations to cal culate the weighted mass emissions of each hydrocarbon compound.

2. HC MASSEMISSIONS CALCULATION PER TEST PHASE
21 HC.., = (HC,,.. * HC, * VMIX * 10° )/ (Carbon No.)

22 HC,. = HC, - (HC, * (1- (1/DF)))
NOTE: If HC_,. iscalculated to be less than zero, then HC . = 0.

3. WEIGHTED HC MASSEMISSIONS CALCULATION

(Hcma$1+ Hcma$2) (Hcma$3 + Hcma$2)
31 HC,, = 0.43 * + 0.57*

(Dphasel + Dphasez) (Dphase3 + Dphasez)

4, SAMPLE CALCULATION

4.1  Exhaust emissions from a gasoline vehicle are collected in three dilute exhaust sample bags and
one dilution air (background) sample bag during the FTP. Gas chromatography is used to
determine the benzene concentration of each bag sample. Calculate the weighted benzene mass
emissions based on the following data:

Tt [HC, |HC, |FID |CH, |CO. |COum |Ri(®) |[VMIX | Dy
Phase | (opbc) | (eebc) | THC, | (ome) | (%) (ppm) (ft¥ (mile)
(ppmC)
1 500 |25 08 6 120 |280 |28 2846 | 3.584
2 100 |25 22 4 095 | 87 25 4854 | 3.842
3 120 |25 29 5 107 |100 |24 2840 | 3.586
For Phase 1:
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DF =  13.47/[CO, + (NMHC, + CH,, +CO,)* 10*]

NMHC, =  FID THC, - (fey, * CHae)
98 ppmC - (1.04‘; 6 ppmC)
92 ppmC

CO (1-(0.01+0.005* HCR) * CO,, -0.000323* R,) * COq,

NOTE: If aCO instrument which meets the criteria specified in CFR 40, 86.111 is used and the
conditioning column has been deleted, CO,,, must be substituted directly for CO, .
(1-(0.01925) * 1.2% - 0.000323 * 28%) * 280 ppm

271 ppm

DF = 13.47 / [1.2% + (92 ppmC + 6 ppmC + 271 ppm) * 10*]

= 10.89
HCconc = HCe - (HCd * (1 - (1/ DF)))

= 500 ppbC - (25 ppbC * (1 - (1/ 1688 10.89)))

= 477 ppbC
Mol. Wt. of CiH, = (6 * 12.01115) + (6 * 1.00797)

= 78.11472 g/mole
HCyos = (Mol. Wt. * conversion of liter to ft*) / (Mol. Vol.)

= (78.11472 g/mole * 28.316 liter/ft*) / 24.055 liter/mole

= 91.952 g/ft?
HC «n = (HCyc * HCyore * VMIX * 10° ) / (Carbon No.)
HC. .. = (477 ppbC* 91.952 g/ft® * 2846 ft> * 10°)/6

= 20.8 mg
Similarly, for Phase 2: HC s = 5.7mg
and for Phase 3: HC o = 4.2 mg
Therefore,

(HCma$1 + HCmaSZ) (HCmaSS + HCmaSZ)
HC,, = 0.43* + 057*
(Dphasel + Dphasez) (Dphase3 + Dphasez)
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(208 mg +5.7mg) (42mg + 5.7mg)

HC,, = 0.43* + 057*
(3.584 mile + 3.842 mile) (3.586 mile + 3.842 mile)
HC,, = 2.3 mg/mile (benzene weighted mass emissions)
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4. ALCOHOL MASSEMISSIONS CALCULATION

1. INTRODUCTION

1.1  Vehicular emissions are measured according to the FederatFestProeedure—(FTP[Ref. 1] 3.
For each of the three phases of the FTP, a set of two impingersis used to collect acohol
emissionsin the dilute exhaust. A fourth set of two impingersis used to collect a composite
dilution air (background) alcohol sample from all three phases of the FTP. All impingers are
analyzed according to Method No. 1001 to determine the alcohol concentration in each impinger.
The measured alcohol concentrations are used in the following equations to calcul ate the
weighted mass emissions of acohol compounds.

2. ALCOHOL MASSEMISSIONS CALCULATION PER TEST PHASE

21 ROH,., = (ROH,,,. * ROH, * VMIX * 10° )/ (Carbon No.)
22  ROH., = ROH, - (ROH, * (1- (1/ DF)))
NOTE: If ROH,,. iscalculated to be less than zero, then ROH,_,. = 0.
23 ROH, = (Imass, /Ivol,) * (Mal. Vol. / Mol. Wt.)
24  Imass, = (Iconc, + lconc,, ) * Densyoy * Ival,
25  lval, = Ivol,, * Hemp—+293-36° ) {(#60-mmHg+ P
(293.16°K [/ Itemp,) * (P;_/ 760 mm HQ)
26 ROH, = (Imass, /lvaly) * (Mol. Vol./ Mol. Wt.)
27  Imass, = (lconcy, +lconcy, ) * Densyoy * Ival,
28  lval, = Ivoly, * tHemp 29316 K ) *~(760-mmHg+P.)

(293.16° K / Itemp,) * (P; /760 mm Hg)

3. WEIGHTED ALCOHOL MASSEMISSIONS CALCULATION

(ROHma$1 + ROHmaSZ) (ROHma$3 + ROHmaSZ)
ROH,,, = 0.43* + 057*

(Dphasel + Dphasez) (Dphase3 + Dphasez)
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4, SAMPLE CALCULATION

4.1  Alcohol emissions from an M85 fueled vehicle are collected in three sets of dilute exhaust
impingers and one set of dilution air impingers during the FTP. Gas chromatography is used to
determine the methanol concentration in each impinger. Calculate the weighted methanol mass
emissions based on the following data:

Test Ival, | Iconc, | Iconc,, | Ivol,, | lconcy | Iconc, | Ivoly, | Itemp, | Itemp,
Phase | (mL) [ (ppmC) [ (ppmc) | (liter) | (epmC) | (epmcC) | (liter) | (°K) (°K)
1 15 2.24 0.05 3.90 0.07 0.01 13.50 | 295 294
2 15 0.29 0.06 6.50 0.07 0.01 13.50 | 297 294
3 15 0.32 0.02 4.00 0.07 0.01 13.50 | 298 294
Test FID CH, CO,, CO,, |R, VMIX | Dppasen | P HCHO,
Phase | THC, | (ppmC) | (%) (ppm) | (%) | (ft) (mile) | (MmHg) | (ppm)
(ppmC)
1 82 9 1.5 250 30 2834 3.581 [ 760 0.81
2 19 5 0.7 20 32 4862 3.845 | 760 0.09
3 22 6 0.8 32 29 2835 3.583 [ 760 0.10
For Phase 1:
Imass, = (lconc, + lconc,, ) * Densyoy, * Ival,
= (2.24 ppmC + 0.05 ppmC) * 0.7914 g/mL * 15 mL * 10° pg/g
= 27.2 ug
Mol. Wt. of CH,OH = (1* 12.01115) + (4 * 1.00797) + (1 * 15.9994)
= 32.0428 g/mole
lvol, = Ilvol,, * {Hemp +29336°K)*{760-mmHg P

(293/16°K /Itemp,) * (P;/ 760 mm HQ)

= 3.90 liter * 295°K—+-293-16°) ( 293.16°K / 295° K) *
(760 mm Hg / 760 mm Hg)
3:92 3.88 liter

Py,
O
s

(Imass, /Ivol,) * (Mal. Vol. / Mol. Wt.)
(27.2x10° g/ 3:92 3.88 liter)*(24.055 liter/mole / 32.0428 g/mole)
526 5.27 ppmC
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5
8

Ivol,

ROH,

DF

NMHC,

CO,

(lconcy, +lconcy, ) * Densyoy * Ival,
(0.07 ppmC + 0.01 ppmC) * 0.7914 g/ml * 15 ml * 10° ug/g
0.95 ug

lvol,, * fHemp,—~29316" K {760-mmHg+P.)
(293.16° K / Itemp, ) * ((P5 / 760 mm HQ)

13.50 liter * {204°K/293:16°K} (293.16° K / 294° K) *
(760 mm Hg / 760 mm Hg)

13:54 13.46 liter

(Imass, /lvaly) * (Mol. Vol./ Mol. Wt.)
(0.95%10° g/ 43:54 13.46 liter)*(24.055 liter/mole / 32.0428 g/mole)
0.05 ppmC

12.02 / [CO,, + (NMHC, + CH,_+ CO, + ROH, + HCHO, ) * 10™] (see section 6
DF Calc.)

= FID THC, (I’CH * CH4eg gCH3OH * ROHe )
82 ppmC- (1.04* 9 pme) (0.6 27 ppmC)

7369 ppmC

(1- (0.01 +0.005* HCR) * CO,, -0.000323* R,) * CO,,

NOTE: If aCO instrument which meets the criteria specified in CFR 40, 86.111 is used and the
conditioning column has been deleted, CO,,, must be substituted directly for CO, .

(1-(0.02705) * 1.5% - 0.000323 * 30%) * 250 ppm
237 ppm

12.02

1.5% + (73 69 ppmC + 9 ppmC + 237 ppmC + 5:30 5.27 ppmC + 0.81 ppm) * 10*

ROHconc =

ROH s =

ROH, «n =
ROHmaSl =

7857.84

ROH, - (ROH, * (1- (1/ DF)))
520 5.27 ppmC - (0.05 ppmC * (1 - (1/ 7.84)))
515 5.23 ppmC

(Mol. Wt. * conversion of liter to ft*) / (Mol. Vol.)
(32.0428 g/mole * 28.316 liter/ft ) / 24.055 liter/mole
37.719 g/ft®

(ROH,,,, * ROH,.. * VMIX * 10° )/ (Carbon No.)
(5-35 5.23 ppmC * 37.719 g/ft® * 2834 ft> * 10° )/ 1
6:550.56 g
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Similarly, for Phase 2:
ROH, ., =

and for Phase 3:
ROH, 3 =

Therefore,

ROH,,, =

ROH,,, =

ROH,,, =

0.08 g
6:670.08¢9
(ROHma$1 + ROHmaSZ) (ROHmaSS + ROHmaSZ)
0.43* + 057*
(Dphasel + Dphasez) (Dphase3 + Dphasez)
(655056 mg +0.08mg) (B:6#0.08 mg + 0.08 mg)
0.43* + 057*

(3.581 mile + 3.845 mile) (3.583 mile + 3.845 mile)

0.05 g (methanol weighted mass emissions)
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5. CARBONYL MASSEMISSIONS CALCULATIONS

1. INTRODUCTION

1.1  Vehicular emissions are measured according to the Federa-FestProcedure—(FTP[Ref. 1] (3).
For each of the three phases of the FTP, a set of two impingers (or cartridges) is used to collect
carbonyl emissionsin the dilute exhaust. A fourth set of two impingers (or cartridges) is used to
collect a composite dilution air (background) carbonyl sample from all three phases of the FTP.
All impingers (or cartridges) are analyzed according to Method No. 1004 to determine the mass
of individua carbonyl compounds in each impinger (or cartridge). The measured carbonyl masses
are used in the following equations to cal cul ate the weighted mass emissions of each carbonyl
compound.

2. CARBONYL MASSEMISSIONS CALCULATION PER TEST PHASE

21 RHO,.,= (RHO,,. * RHO., * VMIX * 10° )

22 RHO_,. = RHO, -(RHO, * (1-(1/DF)))
NOTE: If RHO,,. iscalculated to be less than zero, then RHO_,. = 0.

23 RHO, = (Imass, /Ivol,) * (Mal. Vol./ Mol. Wt.)

24  lvol, = Ilvol,, * {Hemp +29336°K)*{760-mmHg P

(293.16°K / Itemp, ) * (P, / 760 mm Hq)
25 RHO, = (Imass, /1valy) * (Mol. Vol./ Mol. Wt.)
26 lvol, = lvol,, * {Hemp,+293:16°K)*={760-mmHg+ P
(293.16°K / Itemp, ) * (P;/ 760 mm Hg)
3. WEIGHTED CARBONYL MASSEMISSIONS CALCULATION
(RHOma$1 + RHOmaSZ) (RHOma$3 + RHOmaSZ)
RHO,,, = 0.43* + 057*
(Dphasel + Dphasez) (Dphase3 + Dphasez)
4. SAMPLE CALCULATION
4.1  Carbonyl emissions from a eempressedattral-gas{CNG) vehicle are collected in three sets of

dilute exhaust impingers and one set of dilution air impingers during the FTP. High-perfermanece
hedte-chromatography HPLC is used to determine the formaldehyde massin each impinger.
Cdl culate the weighted formal dehyde mass emissions based on the following data:
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Test Ivol, | Imass, | Ivolg, Imass, Ivoly, Itemp, | Itemp,

Phase | (mL) | (h9) (liter) (ug) (liter) (°K) (°K)

1 15 2.45 8.49 0.17 31.57 | 295 292

2 15 0.76 1455 | 0.17 31.57 | 298 292

3 15 0.64 4.00 0.17 31.57 | 298 292
Test FID CH,, CO,, COq, R, VMIX | Dppasen | P
Phase | THC, | (ppmC) | (%) (ppm) | (%) (ft3) (mile) | (mmHg)

(ppmC)

1 132 108 0.9 8 68 2866 3.581 | 760
2 4 3 0.1 4 67 4841 3.845 | 760
3 22 9 0.5 5 65 2837 3.583 | 760

For Phase 1:

Mol. Wt. of HCHO = (1 * 12.01115) + (2* 1.00797) + (1 * 15.9994)

Ivol,

RHO,

Ivol,

RHO,

30.0268 g/mole

Ilvol,, * {Hemp +29336°K)*{760-mmHg P
(293/16° K / Itemp,) * (Ps/ 760 mm HQ)

8.49 liter * (295°-K—+-293-16°K) (293.16° K / 295° K) *
(760 mm Hg / 760 mm Hg)
854 8.44 liter

(Imass, /Ivol,) * (Mal. Vol./ Mol. Wt.)
(2.4510° g/ 8:54 8.44 liter)*(24.055 liter/mole / 30.0268 g/mole)
230 233 ppb

lvol,, * {Hemp,+293:16°K)*={760-mmHg+ P
(293.16°K / Itemp, ) * (P; / 760 mm Hq)

31.57 liter * {292°K+293-36"K) 293.16° K / 292° K) *
(760 mm Hg / 760 mm Hg)

3145 31.70 liter

(Imass, /lvaly) * (Mol. Vol./ Mol. Wt.)
(0.17¥10° g/ 3%45 31.70 liter)* (24.055 liter/mole / 30.0268 g/mole)
4 ppb
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DF = 9.77/[CO,, + (NMHC, + CH,,+ CO, ) * 10*] (see section 6, DF Calc.)

NMHC,=  FID THC, - (e, * CHe )
= 132 ppmC - (1.04 * 108 ppmC)
= 20 ppmC

CO, =(1-(0.01+0.005* HCR) * CO,, -0.000323* R,) * CO,,

NOTE: If aCO instrument which meets the criteria specified in CFR 40, 86.111 is used and the
conditioning column has been deleted, CO,,, must be substituted directly for CO, .

(1 - 662966 0.02890 * 0.9% - 0.000323 * 68%) * 8 ppm

7.6 ppm
DF = 9.77 /[0.9% + ( 20 ppmC + 108 ppmC + 7.6 ppm) * 10*]
= 10.69
RHO,,,. = RHO, - (RHO, * (1- (1/DF)))
= 230 233 ppb - (4334 ppb* (1-(1/10.69)))
= 226 229 ppb
RHO s = (Mol. Wt. * conversion of liter to ft*) / (Mol. Vol.)
= (30.0268 g/mole * 28.316 liter/ft*) / 24.055 liter/mole
= 35.35 g/ft?

RHO,.sn= (RHO * RHO, * VMIX * 10°)
RHO, ;= (226229 ppb* 35.35 g/ft’® * 2866 ft* * 10°)
= 229232 mg

Similarly, for Phase 2:
RHO, .= 636.6mg
and for Phase 3:

RHO, 3= ¥2212.7mg

Therefore,

(RHOma$1 + RHOmaSZ) (RHOmaSS + RHOmaSZ)
RHO,, = 0.43 * + 0.57*

(Dphasel + Dphasez) (Dphase3 + Dphasez)

(229232mg+6:36.6 mg) (322127 mg + 636.6mg)

RHO,, = 0.43* + 057*

(3.581 mile + 3.845 mile) (3.583 mile + 3.845 mile)

RHO,,, = 31 3.2 g mg/mi (formaldehyde weighted mass emissions)
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6. DILUTION FACTOR CALCULATION

1. DILUTION FACTORS
1.1 For Non-Alcohol Fueled Vehicles:

100 * X
X+yl2+376* (X +yl4-2/2)

111 DF =

CO,, + (NMHC,+ CH, + CO, ) * 10*
(where fuel composition is C,H,O, as measured for the fuel used.)

112 CO, = (1-(0.01 +0.005* HCR) * CO,, - 0.000323 * R,) * CO,,
NOTE: If aCO instrument which meets the criteria specified in CFR 40, 86.111 is used and the
conditioning column has been deleted, CO,,, must be substituted directly for CO, .

a) For gasoline, CH, 5. , wherex =1,y =1.85, and z = 0:
DF = 13.47/[CO,, + (NMHC,+ CH,,+ CO, ) * 10*
CO, =(1-0.01925* CO,, - 0.000323* R,) * CO,,

b) For Phase 2 gasoline, CH, o,. wherex =1,y =194 and z = 0.017,
DF = 13.29/[CO,, + (NMHC_+ CH, .+ CO,) * 10*
CO,= (1-0.01970* CO,,- 0.000323* R) * CO,,,

bc)  For LPG, CHygg 60 Wherex =1,y = 266 2.64, 2= 0:
DF = 4364 11.68/[CO,, + (NMHC,+ CH,,+ CO, ) * 10*
CO, =(1-6623300.02320 * CO,, -0.000323* R, * CO,,

ed)  For CNG, CHggy345, Wherex =1,y =3:86 3.78, and z = 0.016:
DF = 9779.83 /[[CO,, + (NMHC,+ CH, + CO, ) * 10*]
CO, =(1-6629660.02890 * CO,, -0.000323* R,) * CO,,
1.2 For Alcohol Fueled Vehicles:

100 * X
X+yl2+376* (X +yl4-2/2)

121 DF =

CO,, + (NMHC, + CH,, + CO, + ROH_+ HCHO, ) * 10*
(where fuel composition is C,H,O, as measured for the fuel used.)
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122 CO, =(1-(0.01+0.005* HCR) * CO,, -0.000323* R,) * CO,,
NOTE: If aCO instrument which meets the criteria specified in CFR 40, 86.111 is used and the
conditioning column has been deleted, CO,,, must be substituted directly for CO..

a) For M100 (100% methanol), CH,OH, wherex =1,y =4, and z = 1:
DF = 11.57/[CO,, + (NMHC,+ CH,, + CO,+ ROH, + HCHO, ) * 10"
CO, =(1-0.03000 * CO,, - 0.000323* R,) * CO,,

b) For M85 (85% methanol, 15% indolene), CH, ,,0,., , wherex = 1,y = 3.41,
and z=0.72:
DF = 12.02/[CO,, + (NMHC,_+ CH,, + CO,+ ROH_,+ HCHO, ) * 10“]
CO, =(1-0.02705* CO,, - 0.000323 * R,) * CQOq,

C) For E100 (100% ethanol), C,H.OH, wherex =1,y =3, and z=0.5:
DF = 12.29/[CO,, + (NMHC,_+ CH,, + CO,+ ROH_,+ HCHO, ) * 10“]
CO, =(1-0.02500 * CO,, -0.000323* R,) * CO,,
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CAS#

00067-56-1
00064-17-5

00074-85-1
00074-86-2
00074-84-0
00115-07-1
00074-98-6
00463-49-0
00074-99-7
00075-28-5
00115-11-7
00106-98-9
00106-99-0
00106-97-8
00624-64-6
00463-82-1
00107-00-6
00590-18-1
00563-45-1
00078-78-4
00503-17-3
00109-67-1
00563-46-2
00109-66-0
00078-79-5
00646-04-8
00558-37-2
00627-20-3
00689-97-4
00513-35-9
00542-92-7
00075-83-2
00142-29-0
00691-37-2

Attachment APPENDIX 1

LIST OF COMPOUNDS

COMPOUND

Alcohols
methanol
ethanol

Light End and Mid-Range Hydr ocar bons
(Listed in approximate elution order)

ethene

ethyne

ethane

propene

propane
1.2-propadiene
1-propyne
2-methylpropane
2-methylpropene
1-butene
1,3-butadiene
n-butane
trans-2-butene
2,2-dimethylpropane
1-butyne
cis-2-butene
3-methyl-1-butene
2-methylbutane
2-butyne

1-pentene
2-methyl-1-butene
n-pentane
2-mehtytmethyl-1,3-butadiene
trans-2-pentene
3,3-dimethyl-1-butene
Cis-2-pentene
1-buten-3-yne
2-methyl-2-butene
1,3-cyclopentadiene
2,2-dimethylbutane
cyclopentene
4-methyl-1-pentene
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CAS#

00760-20-3
00287-92-3
00079-29-8
01634-04-4
00691-38-3
00107-83-5
00674-76-0
00096-14-0
00763-29-1
00592-41-6
00110-54-3
13269-52-8
07642-09-3
04050-45-7
00616-12-6
00625-27-4
01120-62-3
07688-21-3
00637-92-3
00922-62-3
00590-35-2
00096-37-7
00108-08-7
00464-06-2
07385-78-6
00693-89-0
00071-43-2
03404-61-3
00562-649-2
00110-82-7
00591-76-4
00565-59-3
00110-83-8
00589-34-4
02532-58-3
00617-78-7
00822-50-4
00592-76-7
00540-84-1
14686-14-7
00142-82-5
02738-19-4

COMPOUND

3-methyl-1-pentene
cyclopentane
2,3-dimethylbutane
1-methyl-tert-butyl-ether
4-methyl-cis-2-pentene
2-methylpentane
4-methyl-trans-2-pentene
3-methylpentane
2-methyl-1-pentene
1-hexene

n-hexane

trans-3-hexene
cis-3-hexene
trans-2-hexene
3-methyl-trans-2-pentene
2-methyl-2-pentene
3-methylcyclopentene
cis-2-hexene
1-ethyl-tert-butyl-ether
3-methyl-cis-2-pentene
2,2-dimethylhexanepentane
methylcyclopentane
2,4-dimethylpentane
2,2,3-trimethylbutane
3,4-dimethyl-1-pentene
1-methylcyclopentene
benzene
3-methyl-1-hexene
3,3-dimethylpentane
cyclohexane
2-methylhexane
2,3-dimethylpentane
cyclohexene
3-methylhexane
cis-1,3-dimethylcyclopentane
3-ethylpentane
trans-1,2-dimethylcyclopentane
1-heptene

2,2 4-trimethyl pentane
trans-3-heptene
n-heptane
2-methyl-2-hexene
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CAS# COMPOUND MIR
03899-36-3 3-methyl-trans-3-hexene 5.53
14686-13-6 trans-2-heptene 5.53
00816-79-5 3-ethyl-ets-2-pentene 5.53
00107-39-1 2,4, 4-trimethyl-1-pentene 2.69
10574-37-5 2,3-dimethyl-2-pentene 5.53
06443-92-1 cis-2-heptene 5.53
00108-87-2 methylcyclohexane 1.85
00590-73-8 2,2-dimethylhexane 1.20
00107-40-4 2,4, 4-trimethyl-2-pentene 5.29
01640-89-7 ethylcyclopentane 2.31
00592-13-2 2,5-dimethylhexane 1.63
00589-43-5 2,4-dimethylhexane 1.50
00563-16-6 3,3-dimethylhexane 1.20
00565-75-3 2,3,4-trimethylpentane 1.60
00560-21-4 2,3,3-trimethylpentane 1.20
00108-88-3 toluene 2.73
00584-94-1 2,3-dimethylhexane 1.32
00592-27-8 2-methylheptane 0.96
00589-53-7 4-methylheptane 1.20
00589-81-1 3-methylheptane 0.99
15890-40-1 +-ets-2-trans(1a,2a,3b)-1.2,3-trimethyl cyclopentanel.94
00638-04-0 cis-1,3-dimethylcyclohexane 1.94
02207-04-7 trans-1,4-dimethylcyclohexane 1.9
03522-94-9 2,2,5-trimethylhexane 0.97
16747-50-5 cis-1-methyl-3-ethylcyclopentane 1.9
00111-66-0 1-octene 2.69
14850-23-8 trans-4-octene 5.29
00111-65-9 n-octane 0.61
13389-42-9 trans-2-octene 5.29
02207-03-6 trans-1,3-dimethylcyclohexane 1.9
07642-04-8 Ccis-2-octene 5.29
01069-53-0 2,3,5-trimethylhexane 114
02213-23-2 2,4-dimethylheptane 1.34
02207-01-4 cis-1,2-dimethylcyclohexane 1.9
01678-91-7 ethylcyclohexane 1.94
00926-82-9 3,5-dimethylheptane 114
00100-41-4 ethylbenzene 2.70
03074-71-32 2,3-dimethylheptane 1.14
00108-38-3 m-& p-xylene 7.64
02216-34-4 4-methyloctane 1.14
03221-61-2 2-methyloctane 114
02216-33-3 3-methyloctane 114
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CAS#

00100-42-5
00095-47-6
00124-11-8
00111-84-2
00098-82-8
15869-87-1
04032-94-4
00103-65-1
00620-14-4
006226-96-8
00108-67-8
00611-14-3
00095-63-6
00124-18-5
00538-93-2
00135-98-8
00535-77-3
005726-73-8
00099-87-6
00496-11-7
00527-84-4
00141-93-5
00105-05-5
01074-43-7
01074-55-1
00135-01-3
01074-17-5
01758-88-9
00874-41-9
00934-80-5
02870-046-4
01120-21-4
00933-98-2
00095-93-2
03968-85-2
00527-53-7

27138-21-201074-92-6 1-(1,1-dimethylethyl)-2-methylbenzene

00488-23-3
00538-68-1
00098-19-1
00091-20-3
00112-40-3

COMPOUND

styrene(ethenylbenzene)
o-xylene

1-nonene

n-nonane
(1-methylethyl)benzene
2,2-dimethyloctane
2,4-dimethyloctane
n-propylbenzene
1-methyl-3-ethylbenzene
1-methyl-4-ethylbenzene
1,3,5-trimethylbenzene
1-methyl-2-ethylbenzene
1,2,4-trimethylbenzene
n-decane
(2-methylpropyl)benzene
(1-methylpropyl)benzene
1-methyl-3-(1-methylethyl)benzene
1,2,3-trimethylbenzene
1-methyl-4-(1-methylethyl)benzene
2,3-dihydroindene(indan)
1-methyl-2-(1-methylethyl)benzene
1,3-diethylbenzene
1,4-diethylbenzene
1-methyl-3-n-propylbenzene
1-methyl-4-n-propylbenzene
1,2-diethylbenzene
1-methyl-2-n-propylbenzene
1,4-dimethyl-2-ethylbenzene
1,3-dimethyl-4-ethylbenzene
1,2-dimethyl-4-ethylbenzene
1,3-dimethyl-2-ethylbenzene
n-undecane(hendecane)
1,2-dimethyl-3-ethylbenzene
1,2,4,5-tetramethylbenzene
(2-methylbutyl)benzene
1,2,3,5-tetramethylbenzene

1,2,3,4-tetramethylbenzene
n-pentylbenzene

1-(1,1-dimethylethy)-3,5-DMbenzene

naphthalene
n-dodecane
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CAS# COMPOUND

Carbonyl Compounds

00050-00-0 formaldehyde
00075-07-0 acetaldehyde
00107-02-8 acrolein
00067-64-1 acetone
00123-38-6 propionaldehyde
00123-72-8 butyraldehyde
00066-25-1 hexana dehyde
00100-52-7 benzaldehyde
00078-93-3 methy! ethyl ketone (2-butanone)
00078-85-3 methacrolein
04170-30-3 crotonaldehyde
00110-62-3 vaeradehyde
00620-23-5 m-tolualdehyde
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00050-00-0
00620-23-5
00064-17-5
00066-25-1
00067-56-1
00067-64-1
00071-43-2
00074-84-0
00074-85-1
00074-86-2
00074-98-6
00074-99-7
00075-07-0
00075-28-5
00075-83-2
00078-78-4
00078-79-5
00078-85-3
00078-93-3
00079-29-8
00091-20-3
00095-47-6
00095-63-6
00095-93-2
00096-14-0
00096-37-7
00098-19-1
00098-82-8
00099-87-6
00100-41-4
00100-42-5
00103-65-1
00104-87-0
00105-05-5
00106-97-8
00106-98-9
00106-99-0
00107-00-6
00107-02-8
00107-39-1
00107-40-4
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List of tghtEndand-vHa-RangetHydrocarbors Compounds

(Listed by CAS number)

formaldehyde
m-tolualdehyde

ethanol

hexanal

methanol

acetone

benzene

ethyane ethane

ethene

ethyne

propane

1-propyne

acetaldehyde
2-methylpropane
2,2-dimethylbutane
2-methylbutane
2-methyl-1,3-butadiene
methacrolein

methyl ethyl ketone (2-butanone)
2,3-dimethylbutane
naphthalene

o-xylene
1,2,4-trimethylbenzene
1,2,4,5-tetramethylbenzene
3-methylpentane
methylcyclopentane
1-(1,1-dimethylethyl)-3,5-dimethylbenzene
(1-methylethyl)benzene
1-methyl-4-(1-methylethyl)benzene
ethylbenzene

stryrene

n-propylbenzene
p-tolualdehyde
1,4-diethylbenzene
n-butane

1-butene

1,3-butadiene

1-butyne

acrolein

2,4, 4-trimethyl-1-pentene
2,4, 4-trimethyl-2-pentene
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00107-83-5
00108-08-7
00108-38-3
00108-67-8
00108-87-2
00108-88-3
00110-62-3
00109-66-0
00109-67-1
00110-54-3
00110-82-7
00110-83-8
00111-65-9
00111-66-0
00111-84-2
00112-40-3
00115-07-1
00115-11-7
00123-33-6
00123-72-8
00124-11-8
00124-18-5
00135-01-3
00135-98-8
00141-93-5
00142-29-0
00142-82-5
00287-92-3
00463-49-0
00463-82-1
00464-06-2
00488-23-3
00496-11-7
00503-17-3
00513-35-9
00526-73-8
00527-53-7
00527-84-4
00535-77-3
00538-68-1
00538-93-2
00540-84-1
00542-92-7
00558-37-2
00560-21-4
00562-49-2
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2-methylpentane
2,4-dimethylpentane

mé& p-xylene
1,3,5-trimethylbenzene
methylcyclohexane
toluene

vaeraldehyde

n-pentane

1-pentene

n-hexane

cyclohexane

cyclohexene

n-octane

1-octene

n-nonane

n-dodecane

propene

2-methylpropene
propionaldehyde
butyraldehyde

1-nonene

n-decane
1,2-diethylbenzene
(1-methylpropyl)benzene
1,3-diethylbenzene
cyclopentene

n-heptane

cyclopentane
1,2-propadiene
2,2-dimethylpropane
2,2,3-trimethylbutane
1,2,3,4-tetramethylbenzene
2,3-dihydroindene (indan)
2-butyne
2-methyl-2-butene

1,2, 3-trimethylbenzene
1,2,3,5-tetramethylbenzene
1-methyl-2-(1-methylethyl)benzene
1-methyl-3-(1-methylethyl) benzene
n-pentylbenzene
(2-methylpropyl)benzene
2,2 4-trimethyl pentane
1,3-cyclopentadiene
3,3-dimethyl-1-butene
2,3,3-trimethyl pentane
3,3-dimethylpentane
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00563-16-6
00563-45-1
00563-46-2
00563-78-0
00565-59-3
00565-75-3

3,3-dimethylhexane
3-methyl-1-butene
2-methyl-1-butene
2,3-dimethyl-1-butene
2,3-dimethylpentane
2,3,4-trimethyl pentane

00576-73-8— L2 3-trimethytbenzene

00583-48-2
00584-94-1
00589-34-4
00589-43-5
00589-53-7
00589-81-1
00590-18-1
00590-35-2
00590-73-8
00591-76-4
00592-13-2
00592-27-8
00592-41-6
00592-76-7
00611-14-3
00616-12-6
00617-78-7
00620-14-4
00622-96-8
00624-64-6
00625-27-4
00627-20-3
00637-92-3
00638-04-0
00646-04-8
00674-76-0
00691-37-2
00691-38-3
00693-89-0
00760-20-3
00763-29-1
00816-79-5
00822-50-4
00874-41-9
00926-82-9
00933-98-2
00934-80-5

3.4-dimethylhexane
2,3-dimethylhexane
3-methylhexane
2,4-dimethylhexane
4-methylheptane
3-methylheptane
cis-2-butene
2,2-dimethylhexane pentane
2,2-dimethylhexane
2-methylhexane
2,5-dimethylhexane
2-methylheptane

1-hexene

1-heptene
1-methyl-2-ethylbenzene
3-methyl-trans-2-pentene
3-ethylpentane
1-methyl-3-ethylbenzene
1-methyl-4-ethylbenzene
trans-2-butene
2-methyl-2-pentene
Cis-2-pentene
1-ethyl-tert-butyl-ether
cis-1,3-dimethylcyclohexane
trans-2-pentene
4-methyl-trans-2-pentene
4-methyl-1-pentene
4-methyl-cis-2-pentene
1-methylcyclopentene
3-methyl-1-pentene
2-methyl-1-pentene
3-ethyl-ets-2-pentene
trans-1,2-dimethylcyclopentane
1,3-dimethyl-4-ethylbenzene
3,5-dimethylheptane
1,2-dimethyl-3-ethylbenzene
1,2-dimethyl-4-ethylbenzene

01069-53-0

Version as amended 6/24/96, with underline/strikeout
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2,3,5-trimethylhexane
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01072-05-5 2,6-dimethylheptane
01074-17-5 1-methyl-2-n-propylbenzene
01074-43-7 1-methyl-3-n-propylbenzene
01074-55-1 1-methyl-4-n-propylbenzene
01120-21-4 n-undecane

01120-62-3 3-methylcyclopentene
01595-11-5 1-methyl-2-n-butylbenzene
01634-04-4 1-methyl-tert-butyl-ether
01640-89-7 ethylcyclopentane
01678-91-7 ethylcyclohexane
1601758-88-9 1,4-dimethyl-2-ethylbenzene
02051-30-1 2,6-dimethyloctane
02091-95-6 2,2,5-trimethylheptane
02207-01-4 cis-1,2-dimethylcyclohexane
02207-03-6 trans-1,3-dimethylcyclohexane
02207-04-7 trans-1,4-dimethylcyclohexane
02213-23-2 2,4-dimethylheptane
02216-33-3 3-methyloctane

02532-58-3 eoscis-1,3-dimethylcyclopentane
02738-19-4 2-methyl-2-hexene
02870-04-4 1,3-dimethyl-2-ethylbenzene
03074-71-3 2,3-dimethylheptane
03221-61-2 2-methyloctane

03404-61-3 3-methyl-1-hexene
03522-94-9 2,2,5-trimethylhexane
03899-36-3 3-methyl-trans-3-hexene
03968-85-2 (2-methylbutyl)benzene
04032-94-4 2,4-dimethyloctane
04050-45-7 trans-2-hexene

04170-30-3 crotonaldehyde
06443-92-1 cis-2-heptene

07385-78-6 3,4-dimethyl-1-pentene
07642-04-8 cis-2-octene

07642-09-3 cis-3-hexene

07688-21-3 cis-2-hexene

10574-37-5 2,3-dimethyl-2-pentene
13269-52-8 trans-3-hexene

13389-42-9 trans-2-octene

14686-13-6 trans-2-heptene

14686-14-7 trans-3-heptene

14850-23-8 trans-4-octene

15869-87-1 2,2-dimethyloctane
15890-40-1 -eis2-trans;

(1a,2a.3b)-1,2,3-trimethylcyclopentane

Version as amended 6/24/96, with underline/strikeout
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APPENDIX 2

DEFINITIONSAND COMMONLY USED ABBREVIATIONS

The abbreviations and definitions set forth in this section apply to Parts A

t_hrouqh G of these test procedures:

ASTM

Carbon No.

CH,OH,

CH,OH,

C,H-OH,

CO,

CVS

American Society for Testing and Materials

number of carbon atoms in the hydrocarbon or organic compound
being measured.

the methanol concentration in the dilution air as determined from
the dilution air methanol sample using the procedure specified in
Method No. 1001, ppmC.

the methanol concentration in the dilute exhaust as determined from
the dilute exhaust methanol sample using the procedure specified in
Method No. 1001, ppmC.

the methane concentration in the dilution air, ppmC.

the methane concentration in the dilute exhaust, ppmC.

the ethanol concentration in the dilution air as determined from the
dilution air ethanol sample using the procedure specified in Method
No. 1001, ppmC.

the ethanol concentration in the dilute exhaust as determined from
the dilute exhaust ethanol sample using the procedure specified in
Method No. 1001, ppmC.

compressed natural gas

the carbon monoxide concentration in the dilute exhaust corrected
for carbon dioxide and water removal, ppm.

the carbon monoxide concentration in the dilute exhaust
uncorrected for carbon dioxide and water removal, ppm.

the carbon dioxide concentration in the dilute exhaust, %.

constant volume sampler

Version as amended 6/24/96, with underline/strikeout
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phase n

Denszon

L
O

FID THC,

FID THC,

H Cdens

HC,

HCma$ n

HCum

the distance driven by the test vehicle on a chassis dynamometer
during test phase n (where niseither 1, 2, or 3), mile.

density of alcohol, g/mL.
dilution factor (see Dilution Factor Calculation).

flame ionization detector

the total hydrocarbon concentration including methane and
methanol (for methanol-fueled engines) or ethanol (for

ethanol-fueled engines) in the dilution air as measured by the FID,
ppmC.

the total hydrocarbon concentration including methane and
methanol (for methanol-dueled engines) or ethanol (for ethanol-
fueled engines) in the dilution exhaust as measured by the FID,
ppmC.

Federal Test Procedure

gas chromatograph

gas chromatography/mass spectrometry

net concentration of an HC compound in the dilute exhaust
corrected for background per test phase, ppbC.

composite concentration of an HC compound in the dilution air
(background) for al three test phases as determined from the
composite dilution air sample using the procedure specified in
Method No. 1002 and Method No. 1003, ppbC.

mass per unit volume of an HC compound corrected to standard
conditions ( 293.16°K and 760 mm Hg ) g/ft.

concentration of an HC compound in the dilute exhaust per test
phase as determined from the dilute exhaust sample using the
procedure specific in Method No. 1002 and Method No. 1003,
ppbC.

mass emissions of an HC compound per test phase n (wherenis
either 1, 2, or 3), mg.

total weighted mass of an HC compound per mile, g/mile.

Version as amended 6/24/96, with underline/strikeout
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HCHO,

lconc,,

lconc,,

lconc,,

Imass,

Itemp,

Itemp,

Ivol

Ivoly,

formaldehyde concentration in the dilute exhaust as determined
from the dilute exhaust carbonyl sample using the procedure
specified in Method No 1004, ppm.

the hydrogen-to-carbon ratio for the fuel used.

high performance liquid chromatography

dilution air (background) alcohol concentration in the primary
impinger for all three test phases as determined by the procedure
specified in Method No. 1001, ppmC.

dilution air (background) alcohol concentration in the secondary
impinger for all three test phases as determined by the procedure
specified in Method No. 1001, ppmC.

dilute exhaust acohol concentration in the primary impinger per
test phase as determined by the procedure specified in Method No.
1001, ppmC.

dilute exhaust acohol concentration in the secondary impinger per
test phase as determined by the procedure specified in Method No.
1001, ppmC.

total mass of an alcohol or carbonyl compound collected from the
dilution air (background) in both primary and secondary impingers
for al three test phases as determined by the procedure specified in
Method No. 1001 (alcohol) or Method No. 1004 (carbonyl), ug.

total mass of an alcohol or carbonyl compound collected from the
dilute exhaust in both primary and secondary impingers per test
phase as determined by the procedure specified in Method No.
1001 (alcohol) or Method No. 1004 (carbonyl), ug.

dilution air temperature at the flowmeter inlet for impinger
sampling, °K.

dilute exhaust temperature at the flowmeter inlet for impinger
sampling, °K.

total volume of dilution air (background) bubbled through the
impingers for al three test phases corrected to standard conditions
(293.16°K and 760 mm Hg), liter.

total volume of dilution air (background) bubbled through the
impingers for all three test phases as measured during testing, liter.

Version as amended 6/24/96, with underline/strikeout
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Ivol,

Ivolg,

Ivol,

3

Mol. Vol.

Mol. Wh.

NIST

Z
<
T
(@]

NMHC,..

NMHC,

NMHC

NMHC,

NMHC, «n

NMHC,,,

total volume of dilute exhaust bubbled through the impingers per
test phase corrected to standard conditions (293.16°K and 760 mm
Hg), liter.

total volume of dilute exhaust bubbled through the impingers per
test phase as measured during testing, liter.

volume of the reagent used in an impinger, mL.

limit of detection

liquified petroleum gas

molecular volume which is 24.055 liter/mole at standard conditions
(293.16°K and 760 mm Hg).

molecular weight of the compound being measured, g/mole.

National Institute of Standards and Technology

non-methane hydrocarbons

the non-methane hydrocarbon concentration in the dilute exhaust
corrected for background, ppmC.

the non-methane hydrocarbon concentration in the dilution air
corrected for methane and alcohol removal, ppmC.

the mass per unit volume of non-methane hydrocarbon corrected to
standard conditions (16.33 g/ft® at 293.16°K and 760 mm Hg
assuming a C:H ratio of 1:1.85 for gasoline; 16.78 g/ft® at 293.16°

K and 760 mm HG assuming a C:H ratio of 1:1.94 for Phase 2
reformulated gasoline; 19.52 g/ft® at 293.16° K and 760 mm HG

assuming a C:H ratio of 1:3.78 for natural gas; and +#28 17.26
g/ft* for LPG at 293.16 K and 760 mm Hg assuming a C:H ratio of

1:2.64), g/ft®.

non-methane hydrocarbon concentration in the dilute exhaust
corrected for methane and alcohol removal, ppmC.

the mass emission of non-methane hydrocarbon per test phase n
(whereniseither 1, 2, or 3), g.

the total weighted mass of non-methane hydrocarbon per mile for
all three phases of the FTP, g/mile.

Version as amended 6/24/96, with underline/strikeout
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R H Oconc

RHO,

RHO s

RHO,

RHO, n

RHQO,,,

ROH

ROH conc

non-methane organic gases

barometric pressure during testing, mm Haq.

photoionization detector

porous layer open tubular

the relative humidity of the ambient air, %.

the FID response factor to methanol (see CFR 40, 86.121-90(c)).

the FID response factor to methane (see Part B, "Determination of
NMHC by FID").

the FID response factor to ethanol (same procedure for methanol
response factor, see CFR 40, 86.121-90(c)).

generic symbol representing a carbonyl compound such as
formaldehyde, acetaldehyde, acetone, etc.

net concentration of a carbonyl compound in the dilute exhaust
corrected for background per test phase, ppm.

composite concentration of a carbonyl compound in the dilution air
(background) for all three test phases, ppm.

mass per unit volume of a carbonyl compound corrected to
standard conditions (293.16°K and 760 mm Hg), g/ft®.

concentration of a carbonyl compound in the dilute exhaust per test
phase, ppm.

mass emissions of a carbonyl compound per test phase n (wherenis
either 1, 2, or 3), g.

total weighted mass emissions of a carbonyl compound per mile,
g/mile.

generic symbol representing an acohol compound such as methanol
or ethanol.

net concentration of an alcohol compound in the dilute exhaust
corrected for background per test phase, ppm.
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ROH,

ROH 4o

ROH,

ROH, asn

ROH,,,

BEEEFREBS!

= composite concentration of an alcohol compound in the dilution air
(background) for all three test phases, ppm.

= mass per unit volume of an acohol compound corrected to
standard conditions (293.16° K and 760 mm Hg), g/ft>.

= concentration of an alcohol compound in the dilute exhaust per test
phase, ppmC.

= mass emissions of an acohol compound per test phase n (wherenis
either 1, 2, or 3), g.

= total weighted mass emissions of an alcohol compound per mile,
g/mile.

Society of Automotive Engineers

Standard Reference Material

= the total dilute exhaust volume measured per test phase and
corrected to standard conditions (293.16°K and 760 mm Hg), ft*.

The following list is commonly used measurement abbreviations:
meter

centimeter

micrometer

micron

liter

milliliter

microliter

parts per billion.

parts per billion carbon equivalent.
parts per million.

parts per million carbon equivalent.
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